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Series Foreword 


nthis fifth volume of the series, Current Multidisciplinary 

Oncology, devoted to prostate cancer, it brings me 
great pleasure to introduce practicing clinicians to a new 
resource that will aid in the multidisciplinary approach of 
solid tumors. 

Drs. Adam Dicker, William Kelly, Nicholas Zaorsky, 
and Edouard Trabulsi have put together a cadre of highly 
respected thought leaders as contributors on the multidis- 
ciplinary approach to prostate cancer. 

Over the past two decades, a myriad of advances in the 
diagnosis and treatment of prostate cancer have occurred. 
These advances include, but are not unlimited to, diagnos- 
tic molecular tools that may aid in predicting a response 
to certain treatment approaches and/or providing a guide 
of a prognostic outcome for certain patients. 

Our distinguished co-editors have compiled more than 
50 chapters on this disease, authored by an international 
contingent of leading-edge investigators, into well-defined 
sections. 

Prostate cancer is one of the most common malig- 
nancies in the world affecting men and hence warrants 


intense efforts to find a cure. In recent years, investment 
of resources to help further understand the nature of this 
malignancy has increased. 

It is clear that Drs. Dicker, Kelly, Zaorsky, and 
Trabulsi represent some of the best academic, forward- 
thinking oncologists to commit their careers to eradicat- 
ing prostate cancer. Their collective vision and ability to 
assemble an outstanding group of investigators in the field 
have provided a very high-quality product that will be a 
useful resource to busy clinicians as well as those along 
various stages of the learning spectrum. I’m sure that you 
will enjoy this innovative and easy-to-read volume and as 
you look for guidance in the multidisciplinary approach of 
your patients with prostate cancer. 


Charles R. Thomas, Jr., MD 

Series Editor 

Department of Radiation Medicine 
Oregon Health and Science University 
Knight Cancer Institute 

Portland, Oregon 
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Preface 


pess cancer is the second most commonly diagnosed 
cancer among men globally, with more than 1.1 million 
new cases each year. In the United States, 233,000 men 
are expected to be diagnosed in 2014, and an American 
man’s lifetime risk of prostate cancer is 1 in 6. With the 
introduction of genomic diagnostics and novel therapeu- 
tics, the past 5 years have seen an explosion in the amount 
of new data and opportunities for clinical benefit to pros- 
tate cancer patients. This book, a volume in the series 
Current Multidisciplinary Oncology, is designed to pro- 
vide a comprehensive view of the entire spectrum of multi- 
disciplinary management of prostate cancer. 

The chapters in this book are arranged in a logical 
progression from screening and prevention to diagnosis, 
treatment and surveillance, similar to other books in the 
series. Dr. Leonard Gomella, a urologist who was the first to 
advocate multidisciplinary care for prostate cancer patients 
over two decades ago, has contributed an introduction that 
provides a macro view of the field over the past 50 years and 
puts into perspective where the treatment of prostate cancer 
has been, what has been accomplished, and where future 
challenges remain. The subchapters comprising Chapter 2 
cover the epidemiology of prostate cancer, with in-depth 
analysis of the global burden, incidence, mortality, risk 
factors, physical activity, smoking, antioxidants, and the 
impact of diet and obesity. The controversial area of screen- 
ing is covered in depth, with Drs. Gerald Andriole et al and 
Dr. Otis Brawley providing opposing views. There are also 
discussions of improving the accuracy of PSA screening 
and an update on the International Society of Urological 
Pathology (ISUP) Modified Gleason Score and its controver- 
sies. Advances in molecular pathology using cancer genomics 
have now entered the clinical realm with at least three com- 
panies offering diagnostic genomic tests and are addressed in 
the subchapters comprising Chapter 5, covering novel 
molecular and genotype profiling in prostate cancer, includ- 
ing morphometric and systems pathology. The current uses 
of radiographic imaging for diagnosis and staging are also 
discussed including detailed information on MRI, ultra- 
sound, and nuclear medicine. 


The treatment sections of the book correspond to the 
staging of disease. For low-risk localized disease, the use of 
active surveillance—the concept of less is more—is covered 
in Chapter 7. Other chapters cover the surgical treatment of 
prostate cancer from different perspectives—radical prosta- 
tectomy, laparoscopic radical prostatectomy, robotic radi- 
cal prostatectomy, and surgical training. Radiation therapy 
using external beam radiation therapy for the treatment 
of low risk adenocarcinoma of the prostate is covered in 
Chapter 10, with additional discussions of hypofraction- 
ated radiation therapy, stereotactic body radiation therapy, 
protons and brachytherapy, either low dose rate (LDR) or 
high dose rate (HDR). Also included is coverage of the gen- 
eral principles of ablative focal therapies, vascular-targeted 
photodynamic therapy, laser, irreversible electroporation, 
and hyperthermia, a field that has grown considerably. 
An appreciation that quality of life (QoL) is a critical com- 
ponent of any therapeutic option is addressed in separate 
chapters that evaluate QoL for surgery, androgen depriva- 
tion, external beam radiation therapy, and brachytherapy. 

Full coverage of the options and optimal treatment of 
patients with metastatic disease including hormone sen- 
sitive and metastatic castrate resistant prostate cancer. 
The full array of treatment options for metastatic patients 
includes an understanding of hormone escape, the use of 
androgen synthesis blockade, immunotherapy and chemo- 
therapy. As prostate cancer frequently metastasizes to the 
bone, special emphasis for these patients is given to provide 
awareness of pharmaceuticals to reduce skeletal-related 
events, a major advance and novel radiopharmaceutical 
that provides for the first time a survival advantage. 

A number of chapters incorporate models of care 
delivery, patient navigation for the multidisciplinary care 
of prostate cancer patients, genomics and risk assess- 
ment and comparative effectives research in treatment 
decision-making. 

This book reflects the editors Drs. Dicker, Kelly, 
Zaorsky, and Trabulsi who work together at Thomas 
Jefferson University in a truly multidisciplinary man- 
ner. The book is designed as a management text for all 


health care professionals who provide care for prostate 
cancer patients including medical oncologists, radiation 
oncologists, surgeons, radiologists, pathologists, nurses 
and other allied health professionals, students, resi- 
dents and fellows in training, prostate cancer research- 
ers, as well as patients, families and advocates. The 
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prostate cancer thought leaders who have contributed 
to this volume have offered their considerable expertise 
to provide the most current evidence-based approach, 
including extensive references, to provide a valuable 
tool designed to enhance evaluation and management of 
prostate cancer patients. 
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One only needs to scan the table of contents of this book 
to appreciate the inherently complex nature of counsel- 
ing and treating a patient with prostate cancer today. 
As recently as the late 1970s if a patient was believed 
to have prostate cancer, a simple prostate biopsy, often 
performed transperineally, was the diagnostic procedure 
of choice. No blood test existed to help detect early dis- 
ease. Treatment was only based on the clinical stage. This 
simple treatment approach was due to the limited options 
available. If the prostate cancer was localized, radiation 
or surgery was the monotherapy choice with only orchiec- 
tomy or estrogen therapy available for advanced disease. 

Today there are many more factors to consider in 
the prostate cancer decision-making process. This starts 
with an informed decision around screening an asymp- 
tomatic man for prostate cancer. If prostate cancer is 
diagnosed, should it even be treated? Patients who are 
appropriate candidates for active surveillance (AS) need 
a detailed discussion concerning the risks and benefits 
of that relatively new approach. If a decision is made 
for active treatment (AT), many additional factors need 
to be considered. These include the cancer characteris- 
tics (grade, prostate-specific antigen [PSA], histologic 
characteristics, clinical stage), imaging results, overall 
health and age of the patient, the beliefs and desired 
outcomes of the patient, family, and provider, and a 
decision between all competing treatment options. The 
evergrowing array of surgical, minimally invasive, and 
radiation-based therapies all have advantages and dis- 
advantages with the long-term implications of some of 
these newer therapies unknown. In a relatively short 
period of time, basic science discoveries, completed 
clinical trials, new technologies, clinical observations, 
and advances in drug development have forever changed 
the nature of diagnosing and managing all phases of the 
prostate cancer care continuum. 


Introduction: 
The Multidisciplinary 
Approach to Prostate Cancer 


E PROSTATE CANCER IN THE 
20TH CENTURY 


Until the 1980s, prostate cancer was a relatively ignored 
disease that seemed to only gain interest when it afflicted 
a family member or a close friend. Some of this was due 
to societal values that were about to change. In addition, 
the work by Huggins and Hodges in the 1940s that identi- 
fied prostate cancer as being hormonally responsive had 
been the last major breakthrough in prostate cancer (1). 
The field of prostate cancer was about to enter the main- 
stream and move ahead. This came about due to the evo- 
lution of our collective impressions of cancer and thanks 
to a series of key scientific discoveries in the early 1980s. 
Dr. Patrick Walsh’s pioneering work on refining the radi- 
cal prostatectomy, the discovery and development of PSA 
as a marker for prostate cancer, the expansion of prostate 
brachytherapy, the introduction of injectable luteinizing 
hormone-releasing hormone analogs, and the transrectal 
ultrasound-directed biopsy are some of the more promi- 
nent discoveries that began to change the face of prostate 
cancer. 

About 20 years ago, I was fortunate to work with 
Philadelphia Inquirer science writer John Fried to produce 
the first book written for the lay public that specifically 
addressed the issue of prostate cancer. Recovering From 
Prostate Cancer, published by Harper Collins in 1993, led 
the way for dozens of other books that took prostate can- 
cer from the back pages of men’s health publications to the 
prominence on their covers (2). Since our first publication 
that focused on the topic, the greatly expanded portfolio 
of prostate cancer books for the general public has been 
authored by prominent physicians and surgeons as well as 
celebrities and ordinary citizens. 

Beyond the important scientific discoveries noted, 
there is more to the story of how prostate cancer came 
into the public eye. To gain perspective on how society’s 
perception of cancer in general and prostate cancer 
specifically changed by the 1990s, the following excerpt from 
Recovering From Prostate Cancer provides some insight: 


There was a time when cancer was a taboo topic. When 
prominent people died of it, their obituaries invariably said 
that they had passed on “after a long illness.” As recently 
as twenty years ago, many doctors did not tell their cancer 
patients that they had the illness. When one family member 
was afflicted by the disease, the relatives talked of it in 
whispers. 


In the 1970s cancer began to come out of the closet, no longer 
kept there by a lingering feeling that it was a “dirty” disease, 
something to be ashamed of. That emergence, though, was 
not a complete one. Cancers of the reproductive tract or of 
parts of the body associated with sex, even into the late sev- 
enties, were talked about only reluctantly. It was not until 
prominent women began to make it known that they had 
fought breast cancer that this touchy topic was found fit for 
talk shows and magazine articles. But Betty Ford, the former 
first lady, and others like her did not go public for the sake 
of seeking sympathy. They did it to help make women aware 
that breast cancer was a leading killer of women and that reg- 
ular checkups, including mammograms, could help save lives. 


Despite the example set by women, another major killer, 
prostate cancer, eluded public (and even private) discussion 
until the 1990s, this even though the male cancer takes a toll 
that is not far behind the one breast cancer takes on women. 
One result of this reluctance to bring prostate cancer out into 
the open has been that research aimed at curing it has received 
relatively little financial support. Federal funding for breast- 
cancer research exceeded $70 million in 1989. Money for 
prostate cancer investigation came to a paltry $9.5 million. 
Another consequence of the hush-hush way in which pros- 
tate cancer has been approached is that many men still do 
not understand that once they reach fifty, they should have 
regular physical exams that include checkups for the presence 
of prostate cancer. Appallingly, some studies have shown that 
many doctors, because men are embarrassed by the prospect 
of submitting to the rectal exam that will give the physician 
access to the prostate gland, don’t press them to undergo the 
procedure. 


But change is in the air. In May 1992, the news that Linus 
Pauling had prostate cancer made the front pages of many 
newspapers. In fact, by 1992 a host of other prominent men 
had also let it be known that they had prostate cancer: Robert 
Dole, the senator from Kansas; Frank Zappa, the musician; 
Robert Penn Warren, the nation’s first poet laureate; Joseph 
Papp, the eminent theater producer; and several United States 
Supreme Court justices, including John Paul Stevens, Harry 
A. Blackmun, William J. Brennan, and Lewis F. Powell (2). 


A review of the table of contents of Recovering From 
Prostate Cancer reveals how much progress we have made 
in this cancer the last 20 years. The concept of screening 
asymptomatic men for prostate cancer using PSA and rec- 
tal exam was just beginning. The same year our book was 
published (1993), the American Cancer Society made its 
first recommendations on the use of PSA to detect pros- 
tate cancer (3). The digitally directed (“digital” referring 
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to the index finger) prostate biopsy was still commonly 
used with transrectal ultrasound, something that all 
urologists were increasingly incorporating into daily prac- 
tice. Only the most basic surgery and radiation comprised 
our armamentarium for localized disease. However, now 
injectable daily and monthly agents with or without oral 
androgen receptor blockers could be used for androgen 
ablation in metastatic disease. Chemotherapy was hit or 
miss and was not even considered a viable option except in 
the most extreme end-of-life situations. It was also around 
that time that the alarm bells began to sound as deaths 
from prostate cancer began to peak. 

During the 1990s, intense debate raged in the medical 
community as to the superiority of one treatment modal- 
ity over the other for localized prostate cancer. No one 
debated the use of hormonal ablation for cases of meta- 
static disease although there were minor skirmishes (early 
vs. late, monotherapy vs. combined androgen blockade) 
that are still with us today. However, for localized can- 
cer, it was radical prostatectomy versus standard radiation 
(external beam or brachytherapy) with surgeons and radi- 
ation oncologists locked in a dogmatic battle (4). Often 
it was only patients not considered to be surgical candi- 
dates and those with significantly bulky locally advanced 
disease that surgeons would refer for radiation. Some of 
the earliest randomized clinical trials were just beginning 
to take shape in the early 1990s involving radiation oncol- 
ogy, the hormonal treatment of advanced disease, and the 
earliest attempts to study prostate cancer chemopreven- 
tion and screening. 


mM PROSTATE CANCER IN THE 21ST 
CENTURY 


Fast forward to 2014; what was once fairly simply in 
the diagnosis and treatment of prostate cancer has 
become incredibly complex for both the patient and 
the practitioner as evidenced by the numerous topics 
covered in this book. In some respects, those of us 
who work in the field of prostate cancer have become 
victims of our own success. We have developed our 
screening techniques to the point where we are diagnos- 
ing more and more small and clinically unimportant 
cancers. This has contributed in part to the backlash 
against routine population-based screening for prostate 
cancer (5). The recent unprecedented development of new 
drugs, molecular diagnostics, and surgical and radiation 
advances are becoming commonplace in the treatment 
of prostate cancer. Newer tests such as genomic assays 
and specialized imaging have proven useful although the 
experiences are still very early and insurance coverage 
can be problematic. 

The cost issues surrounding these advances in the man- 
agement of prostate cancer are also often subject to debate 
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and often criticism. Are we getting our money’s worth for 
prostate cancer care? Philipson et al. reviewed per capita 
spending in European countries for different cancers 
including prostate cancer over a 16-year period (6). They 
noted that U.S. cancer patients experienced greater survival 
gains than their European counterparts even after consid- 
ering higher U.S. costs. The additional survival gain was 
highest for prostate cancer, estimated to be $627 billion, 
with the findings not driven solely by earlier diagnosis. 

What is clear is that throughout the last 20 years, the 
death rate has declined and the quality of life of men with 
all stages of prostate cancer has dramatically improved. 
Much of the improvement can be readily attributed to the 
medical advances noted earlier. What may not be readily 
apparent is the new emphasis on improved communica- 
tion and coordination of care of men with prostate cancer 
that appears to play a role in improving outcomes. 

Medical oncology as a discipline has more to offer 
men with advanced prostate cancer than ever before with 
at least five new therapeutic agents specifically approved 
for metastatic castration-resistant prostate cancer since 
2010 (7). Many of these new and pending prostate can- 
cer therapies are based on sophisticated investigations by 
basic scientists who appreciate the clinical implications 
of their translational research efforts. So-called “Dream 
Teams” embody this forward thinking concept (8). 
Surgeons and radiation oncologists are working more 
closely together to present the best treatment options 
to men with localized disease, with each field increas- 
ingly recognizing the advantages and disadvantages of 
their specific modalities. The rigidly held beliefs of each 
specialty in the superiority of their modality have given 
way to numerous collaborative efforts. This coordination 
often combines the skills of each practitioner such as in the 
use of prostate brachytherapy or recommending adjuvant 
radiation therapy following radical prostatectomy. Joint 
investigations and publications focusing on important 
questions in prostate cancer have begun to appear, such as 
the American Urologic Association and American Society 
for Therapeutic Radiation Oncology soliciting the input 
from all specialties and publishing joint papers and issuing 
recommendations on the treatment of localized prostate 
cancer and on the use of postoperative radiation therapy (9, 
10). Groups such as the National Comprehensive Cancer 
Network (NCCN) meet several times a year to update 
treatment guidelines of all stages of prostate cancer with 
multidisciplinary input into all recommendations (11). 
Combining therapies to improve prostate cancer outcomes 
is perhaps best illustrated by the numerous clinical trials 
that support the use of neoadjuvant and adjuvant andro- 
gen ablation in combination with external beam radiation 
therapy (12). 

Now more than ever there is a significant need for uro- 
logic surgeons, medical oncologists, and radiation oncolo- 
gists to join forces and provide coordinated counseling 
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and care for men with all stages of prostate cancer. This 
multidisciplinary approach has its origins in the advances 
made in the diagnosis and treatment of prostate cancer 
that have evolved over the past quarter century. 


E PROSTATE CANCER PATIENT 
DESCISION MAKING 


Options for our patients to receive information about 
prostate cancer and most other medical conditions have 
been dramatically transformed in the 21st century. The 
physician as the sole source of information on a disease is 
a historic concept. Because of all the differing treatment 
options available for prostate cancer, patients can become 
overwhelmed when seeking information from resources 
such as the web. A Google search in April of 2014 yielded 
over 49 million page hits for prostate cancer, overwhelm- 
ing for anyone, to say the least. 

A recent Cochrane review evaluated a group of patients 
with a diversity of diseases who used a variety of decision 
aids such as pamphlets, videos, and web-based tools to 
assist with medical decision making (13). These tools were 
useful at improving knowledge of the treatment options. 
They also provided objective information on the benefits 
and harms and allowed patients to make choices consistent 
with personal values. Although these decision tools have 
value in areas such as prostate cancer, the unique needs of 
the individual patient must also be taken into consideration. 
Decision making for multimodality treatment plans in men 
with high-risk disease often requires the input of all special- 
ists and consideration for clinical trials. Treatment regret can 
be minimized if patients are given the opportunity to openly 
discuss treatment options with different specialists (14). 

Warren et al. studied information comprehensiveness 
on a variety of websites for breast and prostate cancer. 
Web-based information can provide useful cancer infor- 
mation online and enable patients to be more proactive 
regarding their information needs. However, multiple 
deficiencies were noted, and also that more comprehensive 
information needs to be provided on breast and prostate 
cancer websites in areas such as decision making (15). 
Another study indicated that although web-based infor- 
mation is useful, physicians remain a key information 
source for medical advice and the face-to-face interaction 
is critical (16). Taking all of these unique patient and dis- 
ease factors together, prostate cancer therapeutic options 
appear to be best determined through close and coordi- 
nated face to face multidisciplinary collaboration. 


E THE MULTIDISCIPLINARY APPROACH 
TO PROSTATE CANCER 


How do we define “multidisciplinary prostate cancer 
care”? In its simplest form, it encompasses collaborative 
patient care by a team of different specialists where all 


treatment options are discussed and individualized for 
each patient. One definition of a true multidisciplinary 
care model is described as encompassing “collaborative 
patient care by a team of individuals where all diagnos- 
tic and treatment options are discussed and tailored for 
each patient. Although the team composition may vary by 
disease site and institution, independent contributors may 
include representatives from medical oncology, radiation 
oncology, surgery/surgical oncology, pathology, diagnos- 
tic imaging, palliative care, nursing, nutrition, and social 
work” (17). Although this is a generally applicable defini- 
tion in the field of oncology, the existing models of prostate 
cancer multidisciplinary clinic (MDC) care can be differ- 
ent. In its purest and possibly most effective form, a true 
multidisciplinary clinical setting involves real-time inter- 
action between the various medical specialists, the patient, 
and the patient’s family. Other models do exist such as the 
agreement to follow defined clinical care pathways or a 
discussion of cases at tumor boards. There is a paucity of 
literature studying these other models at present. 

There is increasing interest in both academic and 
community cancer programs to develop some version of 
a patient centric genitourinary (GU) or prostate cancer 
MDC. The specific design of each multidisciplinary pros- 
tate clinic in the United States can vary greatly as there are 
no specific guidelines or recommendations for such activ- 
ity. The centers that have published on their GU MDC 
suggest that simultaneous provider and patient encounters 
in a real-time clinic setting are a common feature (18, 19). 

An important concept in the GU MDC approach to 
prostate cancer involves the education of patients and 
involving them in “shared decision making.” The U.S. 
Institute of Medicine has noted that this shared deci- 
sion making is at the heart of patient-centered care and 
is “responsive to individual patient preferences, needs 
and values” (20). The traditional medical “paternalistic” 
approach to patient care with physicians making the treat- 
ment decision that they thought was best is no longer con- 
sidered to be the standard of care. In the field of prostate 
cancer, the overwhelming number of treatment options 
makes shared decision making a core value in providing 
the best patient care possible. 


E EXPERIENCE WITH THE 
MULTIDISCIPLINARY APPROACH 
TO PROSTATE CANCER 


A variety of groups have reported on the MDC approach 
to prostate cancer care. The majority have focused on the 
decision-making process for those with newly diagnosed 
localized disease, often the most controversial aspect of 
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management. In 1996, we established a GU MDC at the 
Kimmel Cancer Center of Thomas Jefferson University 
in Philadelphia. We believe that this is the longest con- 
tinually operating MDC at any National Cancer Institute- 
designated cancer center in the United States. Since we 
originally described the structure and operation of the 
clinic, there have been only minor modifications to its 
operational structure (18, 21). Having all specialists present 
during the visit (urologic surgery, radiation oncology, and 
medical oncology) with pathology and radiology support 
remains a core feature. Although all GU tumor types are 
seen in the weekly clinic, the majority of patients (histori- 
cally more than 80%) have prostate cancer, and we recently 
reported our 15-year experience focusing on prostate cancer 
(18). Other groups such as the Prostate Cancer Programme 
of Milans Istituto Nazionale dei Tumori have adapted and 
validated our model of multidisciplinary care (22). 

The current operational structure of our Kimmel 
Cancer Center GU MDC is shown in Figure 1.1. The only 
major change we have made over the last 15 years was in 
2008 when we moved to a preclinic conference instead of 
a postclinic conference. This important preclinic confer- 
ence includes second-opinion pathologic review, imaging 
review (if necessary), and a brief case presentation and 
discussion. General treatment recommendations based on 
available data are made, and potential confounders are 
identified. This preclinic conference also offers the oppor- 
tunity to identify patients who might be eligible for clini- 
cal trial participation. 

In the clinical patient care area, social service sup- 
port is on site. Genetic counselors, integrative medicine, 
and nutritional and pain management are made available 
to our patients at the Kimmel Cancer Center outside of 
the GU MDC”. Support groups and the opportunity to 
participate in the “Buddy System,” matching demographi- 
cally similar patients, are also encouraged as part of the 
program and coordinated by our on-site social worker. 
A critical element is a dedicated patient navigator who 
conducts a telephone interview before the appointment 
is scheduled, gathers all necessary information including 
pathology slides if available, and pre-assigns the providers 
whom the patient will see based on their clinical needs. It 
cannot be stressed enough that the assignment of a dedi- 
cated MDC navigator is essential for this type of program 
to optimize patient care and the time constraints of the 
providers. All stages of disease are evaluated by appro- 
priate specialists as needed. Although the majority of 
patients remain with us for their longitudinal care, second 
opinions are also provided. Treatment recommendations 
are shared with the patient and the referring physician. In 
cases where the treatment pathway is not clear, follow-up 
visits and testing might be scheduled. Finally, patients are 


™ Effective September 2014 a genetic counselor is available during each MDC session. 
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often given several treatment options to consider, most 
often related to localized prostate cancer. We believe 
that an objective review of the risks and benefits of these 
multiple options provides the patients with as unbiased an 
opinion as possible. 

In 2010, we reported for the first time in prostate 
cancer that patient survival outcomes for high-risk 
men are improved by our GU MDC approach (18). 
When reviewing survival data in men with locally 
advanced disease, the enhanced outcome was most 
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pronounced for T3 prostate cancer with a statistically 
significant improvement in 5-year survival of almost 
90% compared to Surveillance, Epidemiology and End 
Results (SEER) with a 78% survival probability (18). As 
expected, in localized T2 disease, our 5-year survival 
data approached 100% based on SEER benchmarks. 
Consistent with other contemporary reports, we noted 
a dramatic increase in robotically assisted radical pros- 
tatectomy with a relative decrease in the utilization of 
brachytherapy. 


International interest in the multidisciplinary 
approach to cancer care in general has increased. 
Numerous centers in the United States, Europe, and other 
nations have reported on their design and implementa- 
tion of the MDC approach to cancer care including pros- 
tate cancer (23). The European School of Oncology has 
discussed the design, implementation, and certification 
of Prostate Cancer Units based on the positive experi- 
ence of specialists involved with European Breast Cancer 
multidisciplinary care (24). These Prostate Cancer Units 
are more commonly referred to as Genitourinary Cancer 
or Prostate Cancer Multidisciplinary Clinics in the 
United States. This MDC model has been successfully 
implemented in Europe for breast care. A network of 
certified multidisciplinary breast cancer units was estab- 
lished based on a 2003 policy enacted by the European 
Parliament (25). The German Oncology Society 
(Deutsche Krebsgesellschaft) has created a network of 
Prostate Cancer Units that manages prostate cancer in 
a multidisciplinary manner in their country (24). Other 
organizations in the United States, United Kingdom, 
Asia, and Australia have had discussions to promote and 
establish multidisciplinary programs as a tenet of rou- 
tine cancer care for most disease sites including prostate 
cancer (17). 

Magnani et al. reviewed their 6-year experience with 
their multidisciplinary prostate cancer clinic in Italy (22). 
Their experience has proved successful for both physicians 
and patients. The team agrees on basic treatment strate- 
gies. More complex cases are managed by a multidisci- 
plinary team. Their unit also incorporates a dedicated 
psychologist, which is uncommon in GU MDC in the 
United States. 

As new information becomes available and guidelines 
are updated, these patient-centric programs must be flex- 
ible not only in their structure but also in their recom- 
mendations. In March 2010, a GU MDC was created 
at William Beaumont Hospital in Michigan to provide 
patients with a comprehensive multidisciplinary evalua- 
tion and consensus treatment recommendations in a single 
visit. The authors noted that their GU MDC improved the 
quality of care for patients as demonstrated by improved 
adherence to NCCN guidelines, and a broadening of treat- 
ment choices made available (26). 

Researchers at the Duke Prostate Center in Durham, 
North Carolina, have reviewed their utilization trends for 
the first 5 years of their multidisciplinary prostate cancer 
clinic (27). The factors predictive of pursuing treatment at 
the Duke Prostate Center included high-risk disease and 
specific physician referral. The factors predictive of not 
receiving care at their unit included a distance traveled of 
greater than 100 miles. These data suggest that having a 
multidisciplinary prostate cancer at a remote location may 
not allow patients to take full advantage of the treatment 
expertise offered in this specialized setting. 
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One other unique contribution that MDC can make 
is in the area of active surveillance (AS). It appears that 
decision counseling and adherence to this approach is 
enhanced by this type of MDC structure. Available data 
suggest that low-risk patients who are seen at an MDC 
for prostate cancer appear to select AS in a greater pro- 
portion (28). The Prostate Cancer Programme of Milan’s 
Istituto Nazionale dei Tumori data on AS shows signifi- 
cant growth in choosing this option in low-risk patients. 
Their AS roles increased from 40% to greater than 70% 
between 2006 and 2010 (22). Since AS is also a focus of a 
clinical trial at their Prostate Cancer Programme, demon- 
strating enhanced recruitment to trials is another advan- 
tage to this MDC model of care. 

We have used our Kimmel Cancer Center GU MDC 
to develop a decision counseling program for AS (29). 
Men with previously identified low-risk prostate cancer 
who present to our GU MDC are met by a research assis- 
tant, who consents participants and administers a baseline 
survey. A nurse then meets each participant to conduct a 
decision counseling session. In the session, the nurse and 
participant review information on treatment options of 
AS versus AT. The nurse elicits the participant’s pro and 
con decision factors that influence treatment preference, 
determines specific and relative decision factor weights, 
and enters these data into an online Decision Counseling 
Program available at www.jefferson.edu/university/jmc/ 
departments/medical_oncology/divisions/population_ 
science/center_for_health_decisions/decision_counseling 
-html. From baseline to endpoint, participants were bet- 
ter informed, felt less decisional conflict about treatment 
decision making, and moved from being undecided about 
AS versus AT to favoring AS. 

U.S. population-based studies of prostate cancer 
localized disease suggest that oncology specialist visits 
relate strongly to prostate cancer treatment choices (30). 
These studies also suggest that that specialists tend to pre- 
fer and recommend the modality they themselves deliver. 
It is recognized that there is a paucity of comparative stud- 
ies demonstrating superiority of one standard treatment 
modality, surgery, or radiation over another in regard 
to localized prostate cancer. The inherent physician bias 
may be minimized in such an MDC environment with 
improved patient satisfaction rates (28). The potential 
benefits of providing prostate cancer patient care in the 
GU MDC setting are summarized in Table 1.1. 

A major challenge in establishing such a clinic is 
securing a genuine commitment from all parties to the 
success of the operation. This includes commitments of 
the institution, support staff, medical specialists, nurses, 
social workers, and other health care professionals who 
must share in the core principles of the center. The Kimmel 
Cancer Center GU MDC has had the commitment neces- 
sary for success with our ability to demonstrate many ben- 
efits: high levels of patient satisfaction, enhanced learning 
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E Table 1.1 Potential benefits of the multidisciplinary 


clinic approach to prostate cancer 


e Improve treatment outcomes through collaborative 
management 

e Reduce time from diagnosis to treatment 

e Reduce or eliminate treatment regret 

e Improve adherence to NCCN or other treatment guidelines 

e Minimize unfounded provider treatment bias 

e Enhance patient satisfaction 

e Increase clinical trial accruals 

e Centralize research data management 

e Provide educational opportunities and enhanced support for 
patients and their families 

e Provide educational opportunities for students, residents, 
and fellows to interact with other disciplines 

e Provide educational opportunities for nursing and other 
health care providers 

e Disseminate information about support groups and other 
ancillary cancer care services 

e Coordinated communication with outside providers may 
improve referrals 


opportunities, and perhaps most important, a defined 
oncologic outcome benefit to many high-risk men. 
To quote Dr. Magnani, “the multidisciplinary approach 
needs to be adaptable to meet new needs and improve 
quality,” which should be a take-home message for those 
currently operating or considering starting a multidisci- 
plinary program (22). It should be noted that clinicians 
who work in this environment do lose some autonomy. 
Clinicians appear to recognize the value of the MDC in 
terms of effective communication with patients but may 
feel that other aspects of relationship building are hin- 
dered in a multidisciplinary setting. Organizational and 
teamwork issues need to be addressed to optimize the 
implementation of a multidisciplinary approach and can 
be easily overcome by a commitment of all parties (31). 


m CONCLUSIONS 


Significant progress has been made in the diagnosis and 
management of prostate cancer over what might be consid- 
ered a relatively short period of time. However, significant 
challenges remain. A top priority is to define the optimum 
prostate cancer screening paradigm. Chemoprevention 
strategies and their randomized trials have been uniformly 
disappointing, some from an outcome standpoint and 
others from an agent approval standpoint. How to best 
prevent prostate cancer will need to be seriously reconsid- 
ered based on the past investment of multiple long-term 
trials that raised more questions than answers (32). AS 
and AT decision making will become more sophisticated 
courtesy of improved biomarkers. AS as a “treatment” 
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option needs to be increased in acceptance as an appropri- 
ate standard of care by both patients and providers includ- 
ing those in primary care. Primary care providers are 
very influential in prostate cancer-related decision mak- 
ing from screening to treatment options and should be 
informed of the dramatic changes in the field. Treatments 
for localized disease must better address the side-effect 
profiles now that many are demonstrating improved long- 
term cancer control. Novel strategies to convert high-risk 
prostate cancer from a life-threatening disease state to a 
manageable chronic disease state will require a more in- 
depth understanding of the biology of the disease. As with 
all scientific and technical advances, costs will continue 
to increase and will need to be balanced in terms of their 
relative effectiveness. 

The extent of treatment options in prostate cancer can 
be overwhelming to the patient and his family. Decision 
making can be further complicated by the potential for 
poor outcomes and treatment regret due to not being 
adequately informed about the various options avail- 
able. It is here that the MDC approach to prostate cancer 
can have a major impact. Cooperation of all stakehold- 
ers including patients, providers, researchers, industrial 
partners, insurers, and governmental agencies must work 
together in the spirit of multidisciplinary care to reduce 
the burden of prostate cancer for our current patients and 
future generations. 
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E INTRODUCTION 


The prevention of prostate cancer is a key public health 
challenge that would improve health and reduce suffering 
from this disease. Prostate cancer contributes substantially 
to cancer incidence and mortality among men globally, par- 
ticularly in westernized countries (1). The disease is notable 
in its biologic heterogeneity in metastatic potential over a 
man’s lifetime. This heterogeneity is an important feature of 
the disease, and efforts to understand risk factors of lethal 
prostate cancer are paramount in epidemiological research 
and prevention efforts. In this chapter, we discuss the evi- 
dence surrounding specific lifestyle and dietary factors in 
the prevention of prostate cancer, with a focus on prevention 
of lethal disease. We provide global descriptive data around 
prostate cancer incidence and mortality, and summarize 
evidence for the following selected behavioral risk factors: 
genetics, obesity and weight change, physical activity, smok- 
ing, antioxidant intake, vitamin D and calcium, and statins. 


E GLOBAL BURDEN OF PROSTATE 
CANCER 


Descriptive epidemiology sets the framework for 
understanding the global burden of prostate cancer froma 
public health perspective. A comparison of incidence and 
mortality across populations as well as trends over time 
and by other characteristics can provide clues about the 
role of lifestyle factors or screening patterns. 


Incidence 


Prostate cancer is the second most commonly diagnosed 
cancer among men globally, with more than 1.1 million 
new cases each year (2). In the United States, 233,000 men 
are expected to be diagnosed in 2014, and an American 
man’s lifetime risk of prostate cancer is 1 in 6 (3). 


Epidemiology of Prostate 
Cancer 


Prostate cancer incidence shows remarkable 
worldwide variation (Figure 2.1.1), with a 60-fold dif- 
ference in age-adjusted incidence rates between popu- 
lation groups with the highest (African American men 
in the United States) and lowest (Japanese and Chinese 
men living in their native countries) incidence. Part of 
the variation in incidence rates across populations can 
be explained by differences in diagnostic intensity, pri- 
marily due to prostate-specific antigen (PSA) screening. 
However, geographic differences in prostate cancer inci- 
dence were evident before the introduction of PSA screen- 
ing in the early 1990s, highlighting a potential role of 
environmental factors in disease etiology. Results from 
migrant studies lend additional support to a role of life- 
style factors in prostate cancer incidence. Prostate cancer 
incidence and mortality rates increase among men mov- 
ing from low-risk (e.g., Asia) to high-risk (e.g., United 
States) countries compared with those in their native 
countries (4, 5). 

There have been significant increases in prostate cancer 
incidence rates over time across the globe (Figure 2.1.2). 
In the United States, Europe, and Australia, this is likely 
due in part to uptake of PSA testing which is noted by 
a sharp peak in incidence due to the detection of preva- 
lent subclinical disease. However, incidence rates have 
also increased in Japan and some other Asian and Eastern 
European countries where PSA testing has to date not 
been widely used (6). PSA screening has also led to a shift 
in stage presentation, with increases in the ratio of local- 
ized to advanced disease cases and a decrease in the age 
at diagnosis (7). Screening has also led to the detection 
of a significant number of latent lesions that may never 
have come to light clinically nor harmed a man during his 
lifetime (8, 9). 

The introduction of PSA screening has likely resulted 
in changes in the observed associations between specific 
lifestyle factors and risk of total prostate cancer over time. 
First, different factors may impact prostate cancer at vari- 
ous stages from initiation to progression to metastases, 
and therefore the associations may differ according to 
disease clinical characteristics, such as those defined by 
cancer stage or tumor grade (10). Indeed, it seems unlikely 
that the factors associated with development of indolent 
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FIGURE 2.1.1 Comparison of prostate cancer incidence rates globally. Rates are age-adjusted for comparisons across countries and are 
presented per 100,000 in the population. Globocan 2012. 

Source: From Ref. (2). IARC. Globocan 2008 Cancer Fact Sheet: Prostate Cancer Incidence and Mortality Worldwide in 2008 Summary. Lyon, 
France: IARC Press; 2008. 
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FIGURE 2.1.2 Trends in age-adjusted prostate cancer incidence rates over time in selected populations. Rates are presented per 100,000 in the 
population. Globocan 2012. http://globocan.iarc.fr/factsheets/cancers/prostate.asp. Updated 2008. Accessed August 2014. 

Source: From Ref. (2). IARC. Globocan 2008 Cancer Fact Sheet: Prostate Cancer Incidence and Mortality Worldwide in 2008 Summary. Lyon, 
France: IARC Press; 2008. 
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cancers would be similar to those associated with cancers 
demonstrating malignant potential. 


Mortality 


An estimated 307,000 men died of prostate cancer 
worldwide (2), with a 10-fold variation in mortality 
rates among countries (Figure 2.1.3). Notably, mortality 
rates are highest among men in the Caribbean countries 
as well as parts of Africa. Prostate cancer is the second 
most common cause of cancer death among men in the 
United States, with 29,480 cancer deaths expected in 2014 
(3). Over the past decade, prostate cancer mortality rates 
have shown declines in many westernized countries. The 
reasons for this decline remain controversial, but may 
be attributable in part to earlier detection through PSA 
screening and subsequent earlier treatment (11). In con- 
trast, mortality rates from prostate cancer are rising, for 
example, in Africa. 

Mortality rates are estimated as the number of cancer 
deaths per 100,000 in the population, and these rates are 
influenced as a function of both the incidence of the dis- 
ease and survival among prostate cancer patients. The 
ratio of incidence to mortality rates ranges from 10:1 in 
North America and Australia to 2:1 in Central America 
and Caribbean to 1.2:1 in parts of Africa. Part of these 
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differences can attributed on the one hand to the slow 
growing cancers diagnosed as a result of PSA screening 
(12, 13) and on the other due to later presentation of dis- 
ease in countries with little diagnostic intensity. 

Globally, 4 million men are prostate cancer survivors 
living with a cancer diagnosis, of whom 2.4 million are in 
the United States (3). 


m ESTABLISHED RISK FACTORS FOR 
TOTAL PROSTATE CANCER INCIDENCE 


There are few established risk factors for the incidence of 
total prostate cancer: older age, African American race, 
and positive family history. Moreover, there are now more 
than 77 genetic risk loci that have been identified and con- 
firmed in genome wide association studies (14) in ethni- 
cally diverse populations. It is noteworthy that none of 
these factors are modifiable. 

Older age is one of the strongest risk factors for 
prostate cancer. Prostate cancer rarely is diagnosed among 
men before the age of 40 years. As with other epithelial 
cancers, incidence rates of prostate cancer increase expo- 
nentially from around age 55 years, a pattern observed 
across multiple populations. Screening with PSA, with an 
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FIGURE 2.1.3 Comparison of prostate cancer mortality rates globally. Rates are age-adjusted for comparisons across countries and are 


presented per 100,000 in the population. Globocan 2012. 


Source: From Ref. (2). IARC. Globocan 2008 Cancer Fact Sheet: Prostate Cancer Incidence and Mortality Worldwide in 2008 Summary. Lyon, 


France: IARC Press; 2008. 


14 


estimated 10-year lead time, has led to a shift to an earlier 
average age of cancer diagnosis. 

Prostate cancer incidence and mortality rates differ by 
race/ethnicity. In the United States, incidence and mortality 
rates are highest among black men (Figure 2.1.4), with 
mortality 2.4 times greater than that of white men. There 
are considerable efforts ongoing to identify the causes of 
the disparity in prostate cancer rates among black men, 
although of note, the prevalence of PSA screening is simi- 
lar among white and black men in the United States. Both 
incidence and mortality rates are lower among Asian/ 
Pacific-Islanders, Native Americans, and Hispanic men 
than among non-Hispanic whites (3). 

Results from family and twin studies support a strong 
familial component to prostate cancer. Men whose father 
or brother was diagnosed with prostate cancer have a two- 
to threefold higher risk than men without a family history. 
A family history in both the father and a brother increases 
risk of diagnosis almost ninefold (15). Family history is 
also associated with lethal prostate cancer. The risk of 
death from prostate cancer is approximately twofold 
higher for men with a father or a brother who died of 
prostate cancer compared with men with prostate cancer 
who do not have a positive family history (16). 

Data from twin studies suggest that the familial aggre- 
gation of prostate cancer incidence is in large part due to 
genetic factors (17), with an estimated heritability of 56% 
(18). Multiple genome-wide association studies have been 
conducted to identify common single nucleotide polymor- 
phisms (SNPs) associated with prostate cancer incidence 
(19). To date, 77 risk loci have been identified and con- 
firmed across multiple studies (14), and these loci explain 


i E Incidence 
White o Mortality 
Black 
Asian/PI 
Native American 
Hispanic 
0 50 100 150 200 250 300 


ASR per 100,000 


FIGURE 2.1.4 Incidence and mortality of prostate cancer by race/ 
ethnicity in the United States. Rates are age-standardized for compari- 
sons and presented per 100,000 in the population. Howlader N, 
Noone A, Krapcho M, et al. SEER Cancer Statistics Review 1975-2008. 
Bethesda, MD: National Cancer Institute; 2011. http://seer.cancer.gov/ 
csr/1975-2008/, based on http://seer.cancer.gov/registries/ November 
2010 SEER data submission, posted to the SEER web site. 
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about one-third of the heritability. The heritability of 
prostate cancer appears to be the result of small associa- 
tions of low penetrant genetic variants, rather than large 
associations with high penetrance alleles. The majority of 
the identified germline risk loci do not appear to be more 
strongly associated with lethal or nonlethal prostate cancer 
(20, 21), suggesting that inherited factors may play a role 
quite early in the pathogenesis of the disease. There are 
marked differences in the prevalence of several of the gen- 
etic risk loci among black and white (22) men, which could 
account for at least part of the difference in incidence rates. 


E OVERVIEW OF POTENTIAL RISK 
FACTORS FOR LETHAL PROSTATE 
CANCER 


Prostate cancer progression to lethal disease likely involves 
the activation of a number of different biological pathways. 
Risk factors for lethal prostate cancer and opportunities 
for prevention act through these pathways. In this paper, 
we focus on obesity and weight change, physical activity, 
smoking, antioxidants, vitamin D and calcium, and statins. 


Obesity and Weight Change 


The obesity epidemic looms large globally, with 1.5 billion 
adults estimated in 2008 to be overweight or obese (23). 
The increase in overweight and obesity in the United States 
in recent decades has been well documented. In the United 
States, one-third of adults were obese, which is defined as 
having a body mass index (BMI) > 30.0 kg/m? (24). The 
proportion of adults classified as overweight, with a BMI of 
25.0 to 29.9 kg/m?, has been fairly constant over this time, 
at approximately one-third of the adult population (25). 

Obesity dysregulates multiple hormonal pathways, 
including higher levels of insulin, lower levels of adiponec- 
tin, lower levels of testosterone and sex hormone binding 
globulin, higher estradiol, and higher levels of inflamma- 
tory cytokines, all of which may be factors in prostate 
cancer progression (26-29). From a prevention perspec- 
tive, it is notable that weight loss and physical activity are 
associated with positive changes in these biomarkers. 

The relation between body size and incidence of 
prostate cancer is complex (10, 26, 30-33). However, 
obesity in adulthood has been associated with worse out- 
comes among prostate cancer patients in most studies (33, 
34). Obese men are at higher risk of developing advanced 
stage prostate cancer and have higher rates of recurrence 
and cancer-specific mortality after diagnosis. A meta- 
analysis of six cohort studies among men with prostate 
cancer found that a 5 kg/m? increase in BMI was associ- 
ated with a 20% (95% CI: 0.99-1.46) increased risk of 
prostate cancer-specific mortality (33). The association 
between obesity and poor prostate cancer outcomes does 
not appear to reflect solely differences in screening, as 
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similar associations are seen after adjusting for stage and 
grade at diagnosis. 

In a study of men diagnosed with prostate cancer, 
higher prediagnosis levels of C-peptide, a circulating marker 
of insulin secretion, were associated with increased cancer- 
specific mortality, independent of BMI (164). Men who were 
both overweight and who had high insulin levels had a four- 
fold greater risk of death. It is possible that men who are obese 
and have higher C-peptide levels have a more metabolically 
active obesity than obese men with lower C-peptide measures, 
making the combined measure of BMI and C-peptide levels 
more predictive of prognosis. However, two prospective stud- 
ies found no association between prediagnosis C-peptide and 
risk of aggressive or advanced disease (35). Understanding 
drivers of the association with obesity are critical to under- 
stand mechanisms and guide prevention. 

Abdominal obesity, as measured by waist circumfer- 
ence, may indicate a more metabolically active obesity, and 
in many parts of the world central obesity has been rap- 
idly increasing. In the European Prospective Investigation 
into Cancer and Nutrition (EPIC) of 150,000 European 
men, waist circumference was positively associated with 
risk of advanced prostate cancer with a 1.06 times greater 
risk with a 5 cm increase in circumference (36). Waist cir- 
cumference was also significantly associated with more 
aggressive disease in the Melbourne Collaborative Cohort 
Study (37), but not in the Health Professionals Follow-Up 
Study (38). The EPIC study found that the waist circum- 
ference associations were stronger among men with lower 
BMI, suggesting a possible interaction between overall 
and abdominal obesity; however, the number of men in 
opposite extreme categories of BMI and waist was low. 


Weight Change 


Weight change before or after prostate cancer diagnosis 
is a possible modifiable risk factor. Several cohort stud- 
ies have examined adult weight change and the risk of 
prostate cancer. Overall, weight gain from early adult- 
hood (age 18 or 21) to mid-life was not associated with 
prostate cancer incidence in all (39-47) but one study 
(48). However, the AARP-NIH Diet and Health Study 
(49) found that weight gain from age 18 to baseline at 
ages 50 to 71 years was significantly associated with an 
increased risk of prostate cancer mortality. Only one 
study has examined weight change in the period shortly 
before and after prostate cancer diagnosis and the risk 
of recurrence, measured by posttreatment PSA increase 
(50). This retrospective cohort study found that weight 
gain from 5 years before treatment by prostatectomy to 
1 year after treatment was associated with statistically 
significant increase in recurrence, while weight loss was 
nonstatistically significantly associated with lower risk of 
recurrence. This study found no indication that physical 
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activity modified the association between weight change 
and recurrence. 


Physical Activity 


Physical activity has not been associated with overall 
prostate cancer risk. However, several studies report an 
inverse association between recreational physical activ- 
ity and the risk of advanced prostate cancer. The Health 
Professionals Follow-Up Cohort (51) and the Cancer 
Prevention Study (CPS) II (52) both reported lower risks 
of more advanced disease with increasing physical activ- 
ity, independent of BMI. For example, in the CPS II, men 
reporting > 35 met-hours activity per week had a rela- 
tive risk for aggressive cancer (high stage and/or grade) 
of 0.69 (95% CI: 0.52-0.92). The EPIC cohort found no 
association between recreational physical activity and 
advanced or high-stage disease; however, activity levels 
were substantially higher in this cohort, and the refer- 
ence group included men with up to 25 met-hours per 
week (53). On the other hand, the National Institutes of 
Health-American Association of Retired Persons (NIH- 
AARP) Diet and Health Study found no association 
between vigorous exercise and risk of advanced or fatal 
prostate cancer (54). 

The association between physical activity after 
diagnosis and risk of prostate cancer mortality or 
recurrence among men with prostate cancer has been 
examined. Among 2,705 men with prostate cancer, those 
who exercised vigorously for 3 or more hours per week 
had a 61% lower risk of prostate cancer-specific mortal- 
ity than those with less than 1 hour per week of vigorous 
activity (RR 0.4, 95% CI: 0.2-0.8) (55). Both vigorous 
and nonvigorous activities were associated with lower risk 
of all-cause mortality among these men with prostate can- 
cer. Similarly, brisk walking was associated with a lower 
risk of recurrence (RR 0.4, 95% CI: 0.2-0.9) for those 
walking 3 or more hours per week versus easy walking 
for less than 3 hours per week (56). Physical activity also 
has been shown in observational studies to improve some 
aspects of quality of life. Taken together, physical activity 
may represent a potential intervention for men after pros- 
tate cancer diagnosis that may improve overall health of 
prostate cancer patients. 


Smoking 


As with other factors, smoking is not associated with 
prostate cancer incidence. However, the latest review of 
evidence by the United States Surgeon General concluded 
that smoking is a “probable” contributor to higher 
rates of prostate cancer mortality (57). In the Health 
Professionals Follow-Up Study, greater pack-years of 
smoking in the 10 years prior to prostate cancer diagnosis 
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were associated with an increased risk of lethal disease, 
whereas total lifetime smoking was not associated with 
risk (58). However, current smokers report less PSA test- 
ing than nonsmokers (59), and the positive associations 
between smoking and prostate cancer mortality may be 
due in part to later diagnosis and treatment of these can- 
cers among smokers. 

Smoking may also influence cancer-specific out- 
comes by influencing response to treatment. Studies 
in specific treatment populations have consistently 
reported worse outcomes for smokers than nonsmokers 
among prostate cancer patients treated with radiation, 
androgen deprivation therapy, and radical prostatec- 
tomy (60-64). 

To date, one prospective study of smoking and cancer- 
specific mortality among men with prostate cancer has 
been published (65). Among 5,366 men diagnosed with 
prostate cancer between 1986 and 2006 in the Health 
Professionals Follow-Up Study, there were 524 prostate 
cancer deaths. The relative risk of prostate cancer-specific 
mortality was 60% higher (95% CI: 1.1-2.3) among cur- 
rent versus never smokers after adjusting for potential 
confounders. The relative risk was attenuated, although 
still elevated, when models were further adjusted for stage 
and grade, which may suggest that part of the relation- 
ship between smoking and prostate cancer mortality is 
through its influence on these clinical parameters. The 
apparent increased risk of prostate cancer-specific mor- 
tality was restricted to men diagnosed with localized or 
locally advanced cancer (stages T1-T3). Former smokers 
who quit 10 or more years before diagnosis or who had 
smoked less than 20 pack-years had the same risk as never 
smokers. 

The possible biological basis for an association 
between smoking and risk of fatal prostate cancer or 
survival among men with prostate cancer is not clear, 
but several mechanisms have been proposed (65). Tumor 
promotion through carcinogens from tobacco smoke is a 
possibility, with several studies finding prostate cancer- 
specific mechanisms in animal and in vitro studies. In 
addition, nicotine may have epigenetic effects such as on 
gene methylation patterns and effects on angiogenesis and 
tumor cell proliferation that contribute to initiation or 
progression of disease. 


Antioxidants 


Several dietary antioxidants, including selenium, vitamin 
E, and lycopene/tomato sauce have been investigated with 
respect to prostate cancer incidence. Antioxidants are com- 
pounds that inhibit the oxidation of other species, thereby 
limiting the damaging effects of oxidation in animal tissues. 
Oxidative stress may damage molecules including proteins 
and DNA, and has been implicated in carcinogenesis. 
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Vitamin E and Selenium 


Vitamin E generally refers to a group of fat-soluble 
compounds that include tocopherols and tocotrienols. 
Alpha-tocopherol is the biologically most active form, 
and current dietary recommendations in the United States 
are based on alpha-tocopherol alone. Gamma-tocopherol 
is the most common tocopherol in the U.S. diet. Possible 
anticarcinogenic actions of vitamin E include its ability 
to reduce DNA damage and inhibit malignant cellular 
transformation (66, 67). In experimental models, deriva- 
tives of vitamin E inhibit growth, induce apoptosis (68), 
and enhance therapeutic effects in human prostate cancer 
cells (69). 

Secondary results of the Alpha-Tocopherol Beta- 
Carotene Cancer Prevention (ATBC) Study (70) showed 
a 32% reduction in prostate cancer risk among men 
assigned to alpha-tocopherol supplementation compared 
with placebo (71). Another large trial of a variety of nutri- 
ents found that vitamin E (in combination with selenium 
and beta-carotene) reduced overall cancer mortality (72). 
These results, along with laboratory evidence and some 
epidemiologic support, motivated two trials of vitamin E 
supplementation on the risk of prostate cancer. 

The Selenium and Vitamin E Cancer Prevention Trial 
(SELECT), planned for 7 to 12 years, was stopped early 
because of lack of efficacy for risk reduction. The initial 
report based on an average of 5.5 years of treatment, found 
a nonsignificant suggestion of increased prostate cancer 
risk among men receiving 400 IU/d of alpha-tocopherol 
(73). With additional follow-up, the vitamin E group was 
found to have a significant increase in prostate cancer risk 
(RR 1.17; 99% CI: 1.004-1.36, P = .008, among 1,149 
cases) (74). Interestingly, there was not a statistically sig- 
nificant increased risk of prostate cancer in the vitamin E 
and selenium combination group (HR 1.05; P = .46), sug- 
gesting the two may interact. The Physicians Health Study 
II (PHS II), conducted contemporaneously with SELECT, 
found no effect on the incidence of prostate cancer (HR, 
0.97; 95% CI: 0.85-1.09; P = .58), with a dose of 400 IU/d 
for a median of 8 years of follow-up (75). 

Of note, all men in the ATBC trial were smokers, 
and the prostate cancers were diagnosed outside the con- 
text of PSA screening, and thus, were generally aggres- 
sive. Interestingly, epidemiological studies of vitamin E 
and prostate cancer risk have had mixed results, gener- 
ally pointing toward no overall association, but observed 
associations have generally been for advanced cancers and 
among smokers. In the VITamins And Lifestyle (VITAL) 
study, a cohort study specifically designed to examine 
supplement use and future cancer risk, a 10-year average 
intake of supplemental vitamin E was not associated with 
a reduced prostate cancer risk overall but it was associ- 
ated with a reduced risk for advanced prostate cancer 
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(regionally invasive or distant metastatic, n = 123) (HR 
0.43, 95% CI: 0.19-1.0 for 10-year average intake > or 
=400 IU/d vs. nonuse) (76). In a prospective study of 
plasma vitamin E and prostate cancer mortality, there 
was a reduced risk associated with higher circulating lev- 
els limited to smokers, although the number of cases in 
the subgroup was small (<30) (77). Other epidemiologi- 
cal studies have similarly found a protective association 
limited to ever smokers, including prospective studies of 
dietary vitamin E (78), vitamin E through supplementa- 
tion on lethal prostate cancer (79), and plasma alpha- 
tocopherol levels and aggressive prostate cancer (80). 

The SELECT and PHS II trials were done in the PSA 
screening era, and had small numbers of current smok- 
ers. Thus, neither trial could address the effect of alpha- 
tocopherol specifically on advanced or fatal prostate 
cancers, or among current smokers. However, the results 
overall do not support the use of supplemental vitamin E 
for prostate cancer prevention. 

The trace element selenium is not an antioxidant per 
se, but plays an important role as an essential element for 
the antioxidant enzyme glutathione peroxidase (81) as 
well as other selenoproteins involved in exerting antitumor 
effects, including apoptosis and inhibition of cellular pro- 
liferation (82, 83). Dietary intake of selenium depends on 
the selenium content of soil in which foods are grown, 
which varies greatly by geographic area. Ecologic studies 
have suggested an inverse association between selenium 
soil content and prostate cancer incidence (84). Because 
selenium contents in specific foods vary as a function of 
the selenium content of the soil, epidemiological studies of 
selenium require biological sampling, primarily measur- 
ing levels in blood or toenails. Since the activity of some 
selenoenzymes plateau with higher selenium level (85), 
the chemopreventive effect of selenium may be greatest in 
populations with low selenium exposure (86). 

Like vitamin E, selenium was tested in the SELECT 
trial based on secondary results of other randomized tri- 
als. The Nutritional Prevention of Cancer Trial found a 
63% reduction in prostate cancer risk among men tak- 
ing selenium supplements (87); with additional follow- 
up time, the protective effect was limited to those with 
low baseline levels of PSA or selenium (86). Another trial 
of selenium (with vitamin E and beta-carotene) found a 
reduction in total cancer mortality in China (72). As dis- 
cussed above, the SELECT trial was stopped early due 
to lack of efficacy of the supplements. With additional 
follow-up, there was still no association between selenium 
and prostate cancer risk (RR 1.09; 99% CI: 0.93-1.27; 
P = .18). In addition, baseline selenium status (measured 
in toenails) was not associated with prostate cancer risk 
among men in the trial, and baseline status did not mod- 
ify the association between selenium supplementation 


and risk (88). 
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Six prospective biomarker studies have reported sig- 
nificant associations between higher levels of selenium 
and reduced prostate cancer risk (89-95), particularly 
for advanced disease (89, 90, 93). Not all epidemiological 
studies have reported a protective association of selenium, 
however (96-98). Two recent randomized studies found 
no effect of selenium supplementation, alone or in combi- 
nation, in reducing progression of high-grade PIN to inva- 
sive cancer (99, 100). 

In conclusion, there is some evidence that selenium 
may play a role in prostate cancer biology; however, there 
is no evidence to support the use of selenium supplements 
to prevent prostate cancer. 


Lycopene and Tomato-Based Products 


The carotenoid lycopene is found in high quantities in 
tomato and tomato-based products, as well as pink grape- 
fruit and watermelon (3). Lycopene accumulates in high 
levels in prostate tissue, and given its role as a potent anti- 
oxidant, is plausible as a potential protective factor for 
prostate cancer. This hypothesis has been tested in multiple 
studies that have investigated lycopene, or lycopene-rich 
food, such as tomato and tomato-based products, in rela- 
tion to prostate cancer risk (4-21). In a meta-analysis of 
studies published up to 2003 (30), high intakes of tomato 
or tomato-based products was associated with a 10% to 
20% reduction in prostate cancer risk. For the serum- or 
plasma-based studies, high concentrations of lycopene 
conferred a 25% reduction in prostate cancer risk. Recent 
epidemiological studies of lycopene and prostate cancer 
showed mixed results. Some support an inverse associa- 
tion (20, 21, 31, 32), while others present null findings 
(8, 9, 19, 24, 26, 33). The association between tomatoes 
and prostate cancer has been studied extensively in the 
epidemiological literature, with evidence suggesting a sig- 
nificant benefit associated with higher intake of tomatoes, 
particularly cooked tomatoes, or lycopene, the major anti- 
oxidant in tomatoes. 

In a meta-analysis of studies on tomatoes and pros- 
tate cancer risk among 10 prospective cohort or nested 
case-control studies, the relative risk of prostate cancer 
among consumers of higher amounts of raw tomato (Sth 
quantile of intake) was 0.89 (95% CI: 0.80-1.00) (101). 
For cooked tomato products, which are more bioavail- 
able sources of lycopene than fresh tomatoes (102), the 
summary RR was 0.81 (95% CI: 0.71-0.92) comparing 
extreme categories of intake. The results from cohort 
studies generally indicate a 25% to 30% reduction in 
risk of prostate cancer, whereas dietary-based case- 
control studies are not supportive of an association. For 
example, the summary RR of prostate cancer from the 
meta-analysis related to an intake of one serving/day of 
raw tomato (200 g) was 0.97 (95% CI: 0.85-1.10) for the 


case-control studies and 0.78 (95% CI: 0.66-0.92) for 
cohort studies (101). 

The 2004 meta-analysis found an inverse association 
in studies of plasma lycopene and prostate cancer risk, 
with corresponding summary relative risks of 0.55 (95% 
CI: 0.32-0.94) for case-control studies and 0.78 (95% CI: 
0.61-1.00) for cohort studies (101). An additional nested 
case-control study not included in the meta-analysis found 
a modest, not statistically significant, inverse association 
overall, and a significantly reduced risk with higher levels 
among men over 65 years old and among those without 
a family history of prostate cancer (103). However, sev- 
eral more recent studies have found no associations for 
serum lycopene (104-108). It is possible that these con- 
flicting results are due, in part, to the changing mix of 
prostate cancer cases diagnosed in the United States with 
the advent of PSA screening (109). As a result of PSA 
screening, many more prostate cancers are being diag- 
nosed, including a pool of biologically indolent cancers 
which would have gone undiagnosed in previous decades 
and in older studies. 

Indeed, epidemiological studies generally point to 
a stronger reduction in risk of advanced stage or lethal 
prostate cancer, suggesting that tomato products and lyco- 
pene may play a role in prostate cancer progression. For 
example, in the Health Professionals Follow-Up Study, the 
associations comparing high and low quintiles of lycopene 
intake were 0.91 (0.84-1.00) for total prostate cancer and 
0.72 (0.56-0.94) for fatal or metastatic disease (110). This 
study also found that higher lycopene intake was associ- 
ated with biomarkers indicating lower angiogenic poten- 
tial in tumor specimens. In the European Prospective 
Investigation into Cancer and Nutrition study based on 
966 total cases and 205 advanced stage cases of prostate 
cancer, there was no association between plasma lycopene 
and overall risk, but men in the top quintile of plasma 
lycopene had a significantly reduced risk of advanced stage 
prostate cancer (RR = 0.40, 95% CI: 0.19-0.88) (108). 

Although not definitive, the available data suggest 
that increased consumption of tomato and tomato-based 
products is associated with lower prostate cancer risk and 
progression. Whether the effect is driven through lycopene 
or other aspects of tomatoes remains undetermined. The 
relationship appears to be stronger for advanced prostate 
cancer than indolent disease. 


Calcium, Dairy Products, and Vitamin D 


Calcium intake has been associated with an increased risk 
of prostate cancer in many but not all epidemiological stud- 
ies. A meta-analysis of studies in 2005 found an increased 
risk of 1.39 (95% CI: 1.09-1.77), for extreme categories 
of intake (111). Since the meta-analysis, four prospective 
cohort studies found some suggestion of an increased risk 
of prostate cancer with higher calcium intakes (3, 8, 9, 
112), while five studies found no associations (2, 3, 12, 13, 
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15, 16). Total calcium intakes varied widely across study 
populations; the highest category of intake was less than 
1,000 mg/d in three studies, whereas the highest category 
was greater than 2,000 mg/d in three other studies (2, 3, 
9, 12, 15). Some, but not all, studies have reported stron- 
ger associations between high intake of calcium and risks 
of aggressive forms of prostate cancer, defined by high- 
grade, or advanced or lethal prostate cancer (10, 113, 114). 

The association between serum calcium and risk of 
prostate cancer has been studied in several prospective 
studies. Serum levels of calcium were associated with an 
increased risk of fatal disease in NHANES I and NHANES 
II (National Health and Nutrition Examination Survey) 
(115, 116). The adjusted relative risk of fatal prostate can- 
cer was 2.68 (95% CI: 1.02-6.99; P = .04) for the top ver- 
sus bottom tertile of total serum calcium in NHANES. In 
NHANES II, similar increases in risk were seen for both 
total serum calcium and ionized serum calcium, the bio- 
logically active component. Two studies nested in prospec- 
tive cohorts of Swedish men found no association between 
serum calcium and overall risk of prostate cancer (117, 118); 
in fact, there was a weak inverse association with overall 
risk in one study (118). This study also found no indica- 
tion of an association between serum calcium and risk of 
fatal prostate cancer. Circulating calcium levels are tightly 
regulated and are related to diet only at very high levels of 
intake, so it is unclear how this finding related to dietary 
calcium intake, if at all. However, it suggests a role for cal- 
cium, vitamin D, and perhaps related factors, such as para- 
thyroid hormone, in the etiology of lethal prostate cancer. 

Dairy foods, a major dietary source of calcium, have 
also been associated with risk, with the 2005 meta-analysis 
reporting a summary relative risk of 1.11 (95% CI: 1.03- 
1.19) for total dairy, 1.06 (0.91-1.23) for milk, and 1.11 
(0.99-1.25) per serving for cheese (111). Most (119-121), 
but not all (122) studies published since this meta-analy- 
sis have tended to support an association between higher 
milk or dairy consumption and total prostate cancer risk. 
However, findings specifically for advanced or lethal 
cancer are mixed (123). The correlation between dairy 
foods and calcium and other nutrients creates challenges 
in trying to disentangle the independent effects of these 
compounds; however, studies that have tried to separate 
effects generally suggest calcium may be the predominant 
player in explaining positive associations with prostate 
cancer. As a result, the WCRF/AICR 2007 Expert Report 
on Diet and Cancer concluded that calcium is a “prob- 
able” risk factor for prostate cancer, while the evidence 
for dairy was weak/inconclusive (124). Since then, how- 
ever, the large EPIC study found that dairy calcium, but 
not nondairy calcium, was associated with total and high- 
grade prostate cancer risk (119). 

One proposed mechanism of calcium and prostate can- 
cer is by suppressing circulating levels of dihydroxyvita- 
min D (1,25(OH),D), the bioactive metabolite of vitamin D. 
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It is involved in regulating cellular differentiation and 
proliferation of many cell types, including prostate epithe- 
lia. The main source of vitamin D is endogenous produc- 
tion in the skin resulting from sun exposure, and diet is 
a secondary source. 1,25(OH),D is the most biologically 
active form, whereas 25(OH)D is found in much higher 
concentrations and better reflects sun and dietary expo- 
sure (125). An alternate hypothesis is that dairy protein 
increases levels of insulin-like growth factor (126), which 
may thus influence risk of advanced or lethal prostate 
cancer (127). 

None of the studies of dietary or supplemental vita- 
min D have reported protective effects for prostate cancer 
incidence (128-131). Results of studies using prediag- 
nostic circulating vitamin D metabolites have reported 
mainly null results (132-144), in addition to significant 
positive (145-147), inverse (148), and U-shaped (149, 
150) associations. There is, however, a suggestion that 
vitamin D plays a role in prostate cancer progression. 
Genetic variants in the vitamin D receptor (VDR) are 
associated with Gleason score (151) and genetic vari- 
ants in the vitamin D pathway are associated with risk 
of recurrence or progression and prostate cancer-specific 
mortality (152). In addition, high expression of the VDR 
protein in prostate cancer tissue has been associated 
with lower risk of lethal cancer among men with pros- 
tate cancer in the Health Professionals Follow-Up Study 
and Physicians’ Health Study. Men in the highest versus 
lowest quartile of VDR expression had a relative risk of 
0.37 (95% CI: 0.14-0.94), with adjustment for PSA at 
diagnosis, Gleason grade, and stage (153). Another recent 
study of prostate cancer mortality nested in the HPFS and 
PHS found that prostate cancer patients with the lowest 
levels of prediagnostic 25(OH)D had significantly greater 
risk of prostate cancer-specific mortality, with an RR of 
1.59 (95% CI: 1.06-2.39) for the highest versus lowest 
quartiles (154). Prediagnostic vitamin D levels were sig- 
nificantly associated with both stage and grade in this 
study. Thus, while vitamin D exposure does not seem to 
be associated with lower risk of incident prostate cancer, 
several lines of evidence suggest that the vitamin D path- 
way may play a role in prostate cancer progression. 


Coffee 


There are several potential mechanisms by which coffee 
could be associated with a lower risk of lethal prostate 
cancer. Coffee is rich in several biologically active com- 
pounds including caffeine, minerals, and phytochemicals. 
In observational and animal studies, long-term cof- 
fee drinking has been associated with improved glucose 
metabolism and insulin secretion in observational and 
animal studies (155). Moreover, coffee is a potent antioxi- 
dant (156, 157) and intake may be associated with levels 
of different sex steroid hormones (158, 159). 
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Most prior epidemiological studies of coffee and 
prostate cancer have focused on total incidence of dis- 
ease, with generally null results. However, several recent 
meta-analyses support an inverse association with fatal or 
advanced disease (160-163). Combining four studies with 
a fatal prostate cancer outcome, Discacciati et al. (163) 
found a relative risk of 0.89 (95% CI: 0.82-0.97) per 
three cups/d increment in coffee intake. There was also 
an inverse association with high-grade (Gleason 8-10) 
disease. These intriguing data, while biologically plausi- 
ble, need to be confirmed in additional study populations 
with large numbers of fatal or advanced disease. 


Statins 


The class of lipid-lowering medications known as statins 
has been proposed to have antitumor effects in prostate by 
influencing cell proliferation, inflammation, and steroido- 
genesis. The first study to look at the association between 
statins and the risk of lethal prostate cancer was by Platz 
et al. who found a relative risk of 0.39 (95% CI: 0.19-0.77) 
among men who were statin users compared with non- 
users (165). In a 2012 meta-analysis of 27 observational 
studies, the pooled relative risk of statins of 0.93 (95% CI: 
0.87-0.99) for total incident prostate cancer and a more 
pronounced inverse association for advanced disease, with 
a relative risk of 0.80 (95% CI: 0.70-0.90) based on seven 
studies (166). Since publication of the 2012 meta-analysis, 
five additional epidemiological studies have reported on 
associations between statin use and lethal prostate cancer, 
all suggesting inverse associations (167-171). The largest 
to date was by Yu and colleagues, who studied more than 
11,000 prostate cancer patients in the United Kingdom 
and studied both prediagnostic and postdiagnostic statin 
use (171). They found that postdiagnostic statins were 
associated with 34% (95% CI: 0.66-0.88) lower risk of 
prostate cancer death, and that most of the apparent ben- 
efit was from earlier use of statins before diagnosis. These 
findings are consistent with those of previous studies and 
nicely illustrate the need to identify the specific window of 
timing for the effect of a chemopreventive agent. 


E SUMMARY 


From a public health perspective, the prevention of lethal 
prostate cancer is a paramount issue to improve the health 
of men in the United States and globally. Moreover, the 
identification of lifestyle factors after cancer diagnosis that 
could improve outcomes is appealing for the 4 million men 
currently living with a prostate cancer diagnosis. Research 
is in the early stages on both fronts, and research prereq- 
uisites include large, prospective cohort studies with long- 
term follow-up for cancer outcomes, detailed and updated 
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questionnaire data, and consideration of the potential biases 
associated with epidemiological research. Still, there is now 
intriguing evidence that several behavioral risk factors may 
play a role in the prevention of lethal prostate cancer. 
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JAMES R. MARSHALL 


E INTRODUCTION 


An important goal of the dietary epidemiology of 
any cancer is to identify a diet predictive of risk; that 
information could be used to help individuals at risk to 
modify their diets, to adopt one predictive of diminished 
risk. Alternatively, if components of the diet that are 
protective could be identified, those components might be 
used as chemopreventive agents. One of the attractions of 
focusing on agents found in the diet is that these agents 
might be widely consumed; their being a part of the diet 
might mean that they are unlikely to induce toxicity. 

International variation in prostate cancer risk, with 
incidence significantly higher in the western industrial 
world than that in the developing world, has helped to 
fuel suspicion that diet is related to risk (1). The diets that 
dominate the western world are characterized by higher 
levels of fat and protein, with animal products a major 
food source; the diets within the developing world, based 
to a greater extent on plant products, tend also to deliver 
fewer calories and fewer simple carbohydrates. Obesity 
is a much greater problem in the western industrialized 
world than in the developing world (1). 

Animal experimentation has suggested a number of 
promising leads to the dietary etiology of prostate cancer. 
The result of attempts to test these leads among human 
beings, however, has been highly disappointing. Agents 
that slow the growth of cancer cell lines, or that retard 
the growth of cancer in laboratory animals, do not appear 
to prevent the development of cancer among human 
populations (2, 3). 

Ecologic studies, in which countries or political entities 
are the units of analysis, suggest strongly that diet is a 
factor in prostate cancer risk (2). However, it has proven 
difficult to validate the findings of ecologic studies by indi- 
vidual-based human-based studies; a major complication 
of such studies is that the risk of prostate cancer does not 
become substantial until males reach their sixth decade 
(3). The lag between exposure to carcinogenic agents and 
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the appearance of risk is not known; the lag could extend 
over decades. Etiologic studies attempt to effect some tele- 
scoping of time, so that studies can be completed within 
years, rather than in decades (4). Thus, for example, in 
case-control studies of diet and prostate cancer, such as 
those reported by Graham et al. (5) and by Hayes et al. 
(6), subjects were asked about the frequency with which 
they consumed various foodstuffs in a period specified 
for cases as the several years prior to the onset of disease 
symptoms; controls were asked to describe this period up 
to a year, or more than 2 years, prior to the date of inter- 
view. In the prospective study reported by Gann et al. (7), 
blood samples from a large number of healthy subjects 
were collected, frozen, and stored; blood levels of nutri- 
ents in samples from individuals who later became cases 
were compared with those of individuals who remained 
prostate cancer free. Cohort studies of diet and prostate 
cancer in which subjects report their dietary practice (8, 9) 
and are then followed often require decades to complete. 
A critical limitation of our understanding of diet 
and prostate cancer is the difficulty of diet measure- 
ment. Descriptions of dietary practice have to be based 
in large part on self-report. A number of techniques have 
been devised for measurement of diet: short-term diet 
diaries, long-term diet history, short-term dietary recall 
(10). Each of these techniques brings specific advan- 
tages to diet measurement, and each measures a domain 
of diet; the precision with which they measure it, how- 
ever, is more problematic (11-13). One approach to this 
problem might be to collect additional data from sub- 
jects. Unfortunately, however, the ability of researchers 
to induce research subjects to provide additional data 
is limited. Diet history questionnaires often take two 
to three hours to complete, and diet diaries and recent 
diet recalls require repeated contacts. Attempts to gather 
additional data by the use of more extensive question- 
ing have proven disappointing. It is likely that half or 
more of the variance observed in dietary data is random, 
not related to actual dietary practice (11, 12), and there 
are not any promising candidates on the horizon that 
promise to lessen the extent of measurement imprecision. 
This inability to precisely characterize diet means first 
that observed associations between dietary practice and 
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prostate cancer risk will be biased, generally underesti- 
mated. In addition, this imprecision lessens the ability of 
the investigator to separate the effects of nutrient intakes 
that are correlated (11, 12). 


E THE VARIABLE COURSE 
OF PROSTATE CANCER 


Although prostate cancer in 2012 in the United States 
was responsible for some 30,000 deaths, nearly 240,000 
cases of prostate cancer were diagnosed. Clearly, the vast 
majority of patients diagnosed with prostate cancer do 
not die of their disease. The number of men who carry 
a probably indolent form of prostate cancer is in all like- 
lihood even higher than the above figure indicates. The 
diagnosis of prostate cancer is in part due to the aggres- 
siveness with which screening is conducted. Thompson 
et al. found, in a large sample of men who were by most 
indicators believed to be at low risk of prostate cancer, 
that the prevalence of biopsy-confirmed prostate can- 
cer was nearly 25% (14). Only about 3% of men in the 
United States die of prostate cancer, so that as many as 8 
times as many American men may develop prostate can- 
cer as die of it. Prostate cancer may be a heterogeneous 
disease: some cases are very aggressive and likely to be 
lethal, while some appear to be quite indolent and not 
likely to induce symptoms or shorten life. These different 
forms could well have distinct dietary or nutritional eti- 
ologies. It has been observed that, although the incidence 
of aggressive prostate cancer varies substantially over the 
world, the prevalence of what is in all likelihood a very 
indolent form is quite consistent in different cultures and 
regions (4). 

The likely presence of undiagnosed prostate cancer 
among men believed not to have cancer substantially 
complicates the ability to link dietary practice to risk. 
As noted, among men believed to be at substantially 
low risk, the prevalence of undiagnosed prostate can- 
cer was approximately 24%; among men only regarded 
as average risk, the prevalence of undiagnosed prostate 
cancer could be higher yet (14, 15). Thus, a study under- 
stood to be comparing prostate cancer patients with 
nonpatients could actually be comparing patients to a 
group comprised of nonpatients and substantial num- 
bers of patients. This would clearly lessen the difference 
between patients and nonpatients with respect to any 
etiologic factors. 

Aggressive cancer may be more affected than indolent 
cancer by environmental exposures. As noted, the 
difference among countries in the incidence of diagnosed 
and treated cancers is much larger than that of prevalent, 
more indolent cancers discovered only at postmortem 
examination of men who have died of other causes (4). 
The rate at which the huge reservoir of indolent prostate 
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cancer is transformed to an aggressive phenotype is not 
well understood, but, apparently, much of it in that reser- 
voir never becomes aggressive or life threatening within 
the life course. There is apparently a large difference 
between the more indolent and more aggressive forms of 
prostate cancer, and there is evidence that the etiologies 
of these two forms are distinct. Attempts to decrease the 
human cost of prostate cancer by diet may be more effec- 
tive if they are targeted at preventing the development of 
a more lethal phenotype than to attempt to prevent the 
development of early cancer by focusing on the healthy 
population. 


E NUTRITIONAL COMPONENTS 
OF THE DIET 


Fat 


It has been widely suspected that fat is a risk factor for 
many cancers (2). Fat is a potent source of energy: Each 
gram of fat contributes 9 cal, while each gram of carbo- 
hydrate contributes 4 cal, and each gram of protein con- 
tributes 4 cal. This greater caloric density could lead to 
obesity, although the evidence that it does is limited. Fat 
intake in the more industrialized countries is greater than 
in the developing countries, so that it is correlated with 
the greater prostate cancer risk seen in those industrial- 
ized countries (2). Nonetheless, the inconsistency of the 
evidence (2, 3, 5, 9, 16, 17) suggests that overall fat intake 
is not likely to be a risk factor for prostate cancer. 
Although fat is often described as one compound, fat 
as a macronutritional category is highly heterogeneous; 
hydrogen bonding within the fat molecule creates satu- 
rated, monounsaturated, and unsaturated fats with dis- 
tinct properties and likely effects on prostate cancer risk 
(18). In one small case control study, the plasma level of 
alpha-linolenic acid was a strong, statistically significant 
predictor of prostate cancer risk (17). It is important, how- 
ever, that this fatty acid is a very minor component of the 
total fat content of any one person’s diet. A prospective 
study based upon diet history found only weak evidence of 
an alpha-linolenic acid association; the strongest predic- 
tor of prostate cancer risk among fats in that study was 
monounsaturated fatty acid (9). Several forms of vegetable 
fat have been chemically processed to make them soluble 
at room temperature and to preserve their shelf life; the 
impact of this processing upon cancer risk in general has 
not been adequately studied (2). There may, in addition, 
be differences of note in the composition of animal-source 
as opposed to vegetable-source fats. It has been suspected 
that the processing of vegetable fat, so that it in several 
dimensions resembles animal fat, may cause its effects on 
disease risk to mimic those of animal fats. Data from a 
large cohort study (9) and from a large case-control study 
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(6) suggested that fat derived from meat is strongly associ- 
ated with prostate cancer risk. 


Vitamin D/Calcium 


Vitamin D and calcium’s effects are closely linked, as 
they act synergistically. Thus, in one major supplementa- 
tion study (13), calcium and vitamin D were administered 
together. Basic science strongly suggests that vitamin D, 
which induces cellular differentiation and apoptosis, has 
strong antiproliferative effects and inhibits invasiveness, 
angiogenesis, and metastasis of tumor cells, and should 
be protective against cancer (19); there is only very limited 
epidemiologic evidence that vitamin D intake is associated 
with altered risk of prostate cancer. It is important, how- 
ever, that sunlight exposure has a massive effect on vita- 
min D stores. Thus, in many regions of the United States, 
sunlight exposure is a more important determinant than 
diet of vitamin D levels. In these regions, vitamin D from 
the diet is a minor component of total vitamin D expo- 
sure. The importance of dietary vitamin D exposure may 
be greater in the Northeastern United States than it is in 
the rest of the country (20). Giovannucci et al. suggested 
that the dietary vitamin D level required to achieve pro- 
tection against cancer could be as high as 1,500 mcg/d; 
this level is well above what can be achieved with dietary 
practice alone. 

On the other hand, calcium intake has been associated 
with increased risk of advanced or high-grade prostate can- 
cer (19). In the study that linked vitamin D to diminished 
risk of prostate cancer, calcium intake was associated with 
insignificantly decreased risk of low-grade prostate cancer. 
This finding held up with adjustment for the major dietary 
factor in vitamin D, dairy product intake (19). It is pos- 
sible that the intake of calcium interferes with the uptake 
of vitamin D, and that this diminished uptake of vitamin 
D is responsible for the risk enhancement observed with 
calcium (19). 


Vitamin E and Carotenoids 


Vitamin E, understood to be an antioxidant, has received 
a good deal of epidemiologic attention (8, 10). The stron- 
gest evidence that vitamin E is protective against prostate 
cancer came not from an observational epidemiologic 
study but from a clinical prevention trial in which pros- 
tate cancer was an unanticipated endpoint (21). The 
29,000-subject Alpha-Tocopherol Beta-Carotene (ATBC) 
trial was designed to test the protective effects of vita- 
min E against coronary heart disease and beta-carotene 
against lung cancer among smokers. Neither agent proved 
to be protective against its target. However, among sub- 
jects assigned to vitamin E, there was a 30% decrease in 
the incidence of prostate cancer. 

The ATBC finding provided a major impetus to the 
formulation of an even larger chemoprevention trial 
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involving vitamin E: the Selenium and Vitamin E Cancer 
Prevention Trial (SELECT). In that study of over 35,000 
men at average risk of prostate cancer, subjects were ran- 
domized, in a factorial design framework, to selenium 
200 mcg/d or placebo, and to vitamin E 400 IU/d or pla- 
cebo. The trial was stopped early, on the basis of a statisti- 
cal futility analysis, as it had become clear that assignment 
to neither supplement decreased the risk of prostate or 
any other cancer. Nor did it decrease the risk of any other 
chronic disease or mortality (22). Subsequent analysis of 
the impact of vitamin E, based on extended follow-up, 
indicated that vitamin E supplementation actually 
increased the risk of prostate cancer (23); the increase in 
risk was approximately 17%. Thus, research in vitamin 
E-based chemoprevention is faced with the dilemma of 
one extremely large clinical trial indicating that vitamin E 
decreased the risk of an unanticipated endpoint, prostate 
cancer, while an even larger trial, in which prostate cancer 
was an anticipated endpoint, indicates that a larger dose 
of vitamin E actually increases the risk of prostate cancer. 

Carotenoids are pigments found in foods. Nutritionally 
active, their powerful antioxidant capability could enable 
them to reduce free radical damage (5, 6, 8). A number of 
the more common carotenoids have received the bulk of 
nutritional attention: alpha- and beta-carotene, lycopene, 
luteine, cryptoxanthin, and zeaxanthine (7, 16, 24, 25). 
Lycopene, found mainly in tomato products, was shown 
in one large cohort study to be associated with substan- 
tially decreased risk of prostate cancer. Foods that contain 
substantial amounts of tomato products, including tomato 
sauce, tomatoes, and pizza, appeared to be strongly asso- 
ciated with decreased risk. 


Selenium 


Interest in selenium stemmed first from ecologic analyses 
that showed increased cancer risk in regions with low soil 
selenium. Foods grown in such areas have low selenium 
content, so that it is reasonably suspected that the diets 
of those in these regions would have low selenium stores 
(26). Clark’s rationale for a trial of selenium supplemen- 
tation, based largely on this ecologic observation, along 
with a number of observational studies (27—31), contrib- 
uted strongly to the impetus for an even larger trial of 
selenium as a chemopreventive agent. Clark first designed 
a placebo-controlled trial, with some 1,200 subjects 
assigned to placebo or to 200 mcg/d selenium, to focus 
on nonmelanoma skin cancer. Clark had observed an 
excess of nonmelanoma skin cancer among residents of 
the southeastern and eastern United States, in a region 
marked by low soil selenium levels (26). After the trial had 
opened, Clark added prostate and several other cancers as 
trial endpoints; the final analysis of the trial indicated that 
selenium supplementation was associated a 50% decrease 
in the risk of prostate cancer (32). The study also showed 
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significant effect modification by baseline blood selenium; 
among men with blood selenium in the lowest tertile 
(<105.2 ng/mL), selenium supplementation was associ- 
ated with a substantial decrease in prostate cancer; among men 
with blood selenium in the middle tertile (105.3-121.6 ng/mL), 
it was associated with a less marked decrease in risk; 
among those with blood selenium in the highest tertile 
(>121.6 ng/mL), it was associated with an increase in 
risk of prostate cancer (32). As noted, the SELECT study, 
designed to build on the Clark results, recruited men from 
the entire United States population. The average baseline 
blood selenium level of these subjects was over 135 ng/mL. 
Thus, the finding that 200 mcg/d selenium supplementa- 
tion had no effect on prostate cancer risk was consistent 
with what had been observed among comparable subjects 
in the Clark trial (32). A smaller trial, conducted among 
men with a condition believed to be premalignant, high- 
grade prostatic intraepithelial neoplasia (HGPIN), ran- 
domized 450 subjects to selenium 200 mcg/d or to placebo; 
this trial also found no alteration of prostate cancer risk 
with selenium supplementation (33). A similar trial, also 
conducted among men with HGPIN, tested the effect of 
assignment to a three-agent regimen consisting of soy pro- 
tein 40 g, vitamin E 800 IU, and selenium 200 mcg, and 
showed no protection against progression from HGPIN to 
prostate cancer (34). Thus, the epidemiologic studies that 
have observed selenium exposure to be associated with 
decreased cancer risk have not been supported by ran- 
domized, placebo-controlled trials that tested the effect of 
selenium supplementation. 

One possible explanation of the discrepancy between 
the observational and experimental research on selenium 
has to do with the form of selenium used in the supple- 
mentation trials. The earliest trial (26) administered 
selenium in yeast that had been cultured in a selenifer- 
ous medium. It was believed at the time of the trial that 
most of the selenium was in the form of selenomethionine 
(26), although careful speciation of the yeast Clark used 
raised questions about this understanding (35). The other 
trials (22, 23, 33, 34) used selenomethionine. It is pos- 
sible, however, that selenomethionine is a poor vehicle for 
generating the bioactive compounds in selenium that were 
shown to be protective against prostate cancer in observa- 
tional studies (36). A single-dose pharmacokinetics trial 
has suggested that selenomethionine may have a different 
profile than some other selenium species; a multiple-dose 
pharmacokinetics and pharmacokinetics trial is under 
way (36). 


Folate 


It is widely recognized that folate has important meta- 
bolic effects. It plays important roles in cell replication 
and repair (1), enabling nucleotide formation, and dietary 
folate has been shown to be associated with diminished 
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risk of a number of cancers. Nonetheless, studies of folate 
supplementation have shown surprising and disappointing 
results; in one large and well-controlled study, random- 
ization to folate supplementation 1 mg/d led to increased 
risk of prostate cancer (37). That same study also had 
shown that folate supplementation was associated with 
the formation of advanced colorectal cancer. Folate intake 
at study baseline was associated with slightly diminished 
risk of prostate cancer, but supplementation resulted in a 
near tripling of risk. The authors noted the assumption 
that folic acid, the agent used to deliver folate, has effects 
equal to those of dietary folate; they suggested that the 
assumption may be incorrect (37). They also recognized 
the possibility that folate in cell replication and repair 
could support the growth of cancer cells as well as those 
of normal cells. Thus, given the extremely long duration 
of premalignant lesions and early cancers of the prostate, 
an agent that supports cellular growth could confer an 
advantage to cells with disturbed growth patterns, such as 
prostatic intraepithelial neoplasia or early cancer. 


Plant and Animal Products 


Asnoted,a large cohort study (9) and two large case-control 
studies (5, 6) found that the consumption of fat from red 
meat was associated with increased risk of prostate can- 
cer. In general, this animal fat was more linked to risk 
than was fat from plant products. As already noted, fat 
from meat and animal products could have significantly 
different effects than fat from plant products. Plant prod- 
ucts, for example, do not contain cholesterol, and their fat 
is more likely than that from animal products to contain 
unsaturated, as opposed to saturated, fat. An evaluation 
of the relative impact of vegetable as opposed to animal 
products, including fats and proteins, is needed. The limi- 
tations of observational studies of plant as opposed to ani- 
mal product consumption, however, are daunting (38-42). 
It is simply very difficult to accurately measure the intake 
of plant as opposed to animal products. 

An effort currently underway in the Alliance for 
Clinical Trials in Oncology, the Men’s Eating and Living 
(MEAL) study, will address the need for additional data. 
The MEAL study is a randomized-control trial of diet 
change for men with low-grade, low-volume prostate 
cancer. It is actually a trial meant to forestall the develop- 
ment of higher grade, aggressive prostate cancer. Men who 
have low-grade, low-volume prostate cancer are increas- 
ingly assigned to expectant management, also known 
as watchful waiting. Approximately 20% of patients on 
expectant management proceed to develop higher grade, 
potentially lethal prostate cancer. The MEAL study will 
be distinct in an important dimension that is critical; it 
will be a study of objectively measured dietary change, 
not only of dietary constituents, nutrients, or a dietary 
pattern. 
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Patients assigned to diet intervention work with 
a lifestyle coach, with the intervention delivered over 
the telephone. The extent of change in experimental as 
opposed to control patients, however, is monitored by self- 
report and by an objective measure: change in the blood 
levels of several carotenoids. Patients will be closely moni- 
tored for the prostate-specific antigen (PSA). Any patient 
who experiences a rapid rise in the PSA will be referred 
for additional follow-up and biopsy, according to clinical 
judgment. Progression will be marked by an increase in 
the PSA above a concentration of 10 ng/mL, an increase 
in the rate of rise of the PSA, an increase in the Gleason 
grade of the cancer, or in the size of the tumor. Preliminary 
pilot data have shown that the dietary intervention leads 
to significantly changed dietary reports, as well as to note- 
worthy changes in blood levels of biomarker nutrients that 
are only found in plant products (43-45). 


m OBESITY AS A MARKER OF ENERGY 
IMBALANCE 


An often overlooked but potentially critical biomarker 
of the balance between energy intake and energy expen- 
diture is obesity. It can be argued that, in the Western 
industrialized countries, obesity, which is associated with 
altered insulin levels (46, 47), elevated oxidative stress, 
and genetic damage, is a significant public health problem 
(1). The etiology of obesity and its significance for prostate 
cancer risk, however, are complex. Energy and nutrient 
intake at critical points of the life cycle are associated with 
greater height, while intakes at other points are associ- 
ated with obesity (48). Height has been associated with 
increased risk of prostate cancer, while obesity during 
childhood has also been linked to risk (48). However, the 
association of obesity, generally measured by the body 
mass index (weight in kg/(height in meters)*), has not been 
consistently linked to increased risk of prostate cancer 
(49, 50). It has been claimed that the strongest associa- 
tion is of obesity with more aggressive prostate cancer, 
although not even that observation is entirely consistent 
(50-52). Part of the complexity may be because the total 
body mass may affect the diagnosis of prostate cancer 
(50). The type of obesity, especially the distribution of 
body fat, may be critical (53). 


m ISSUES FOR FUTURE RESEARCH 


Inconsistency 


A troubling characteristic of epidemiologic studies of 
diet and prostate cancer—indeed, of diet and each of 
the major cancers—is the inconsistency of findings. One 


29 


study may find an association between diet and prostate 
cancer, while others do not see it. It is highly uncom- 
mon for dietary epidemiologic findings not to find one 
or more risk factors for prostate cancer; the problem is 
that these findings are rarely replicated in repeated stud- 
ies. Thus, a series of epidemiologic studies and a small 
prevention trial found selenium and vitamin E deficien- 
cies to be risk factors for prostate cancer; replication by 
trials showed that neither selenium supplementation nor 
vitamin E supplementation was linked to diminished 
risk. Inconsistency of this sort suggests that the meth- 
ods used for study do not provide reliable results; also 
troubling is that this inconsistency reduces public trust 
in prevention research. 

The sources of this inconsistency may be multiple. 
One impediment to progress may be reliance among pre- 
vention researchers on small case-control studies. These 
are relatively inexpensive and easy to execute; they can be 
undertaken by researchers with relatively few resources. 
They are, unfortunately, susceptible to a number of com- 
plications that confound attempts to interpret them. 
For example, in case-control studies of diet and pros- 
tate cancer, subjects may be asked to recall their dietary 
practice from years to decades prior to interview. Studies 
have suggested that recall of prior diet has some validity; 
whether the validity is adequate to reveal moderate-to- 
weak associations between diet and cancer risk, how- 
ever, is less clear. A more appropriate means of assessing 
the diet may be to use biologic markers of diet: blood 
markers of carotenoids, lipids, or minerals in animal as 
opposed to plant products. Research in diet and prostate 
cancer may necessarily need to rely more on prospective 
studies and prevention trials, and less on small case-con- 
trol studies. Unfortunately, however, biomarkers cannot 
be readily used in a case-control context: in a compari- 
son of cases and controls, especially in a comparison of 
cases with aggressive cancer, as opposed to controls, it 
is possible that differences in nutritional levels may be a 
consequence of, rather than a source of, differences. 

Given the inconsistency in findings regarding diet and 
prostate cancer, it is difficult to escape the suspicion that 
diet has a relatively minor role in prostate cancer risk. One 
of the challenges for the future may be distinguishing the 
different types and grades of prostate cancer. As noted, 
prostate cancer in epidemiologic studies has been treated 
as a unitary, homogeneous cancer category; this may, as 
already noted, be an oversimplification (4). It may be that 
future research on dietary effects on prostate needs to 
focus less on the development of prostate cancer per se 
than on the progression of prostate cancer from indolent 
to aggressive disease. The MEAL study may be a proto- 
type of the research that is needed: a randomized trial in 
which subjects are assigned to a dietary intervention, or to 
receive no intervention. The focus of this study is dietary 
change, rather than dietary practice. 
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Finally, there may be need for substantially increased 
investment in the pharmacokinetics of dietary elements. 
It has often been assumed that, if a nutrient or compound 
is useful and protective against cancer, then more of that 
nutrient can only be more useful and more protective. 
This has, however, been shown to be incorrect in a num- 
ber of cases. In one study addressed to prevention of 
colorectal cancer, 81 mg of aspirin was protective, but 
325 mg conferred absolutely no protection (54). Beta 
carotene was associated with decreased lung cancer risk 
in a large number of epidemiologic studies, but it was 
shown to increase the risk of lung cancer in supplemen- 
tation studies (55, 56): it became clear, after the studies 
were completed, that the dose of beta-carotene used was 
far in excess of the amount usually ingested in epidemio- 
logic studies (57). Thus, the impact of diet on prostate 
cancer risk will require a good deal more attention to the 
metabolic and pharmacokinetic behavior of the elements 
of diet among humans. 
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E INTRODUCTION 


Obesity is associated with increased risk of incidence of 
and mortality from numerous tumor types, including 
prostate cancer (PC) (1-3). An improved understanding 
of the role of this modifiable risk factor in PC etiology, 
especially aggressive PC, is imperative to optimize screen- 
ing, treatment, and prevention of PC. This chapter focuses 
on the epidemiologic association between obesity and PC 
incidence, treatment, and mortality. 


E OBESITY AND PC INCIDENCE 


Meta-analyses have consistently reported modest positive 
associations between obesity and total PC incidence 
(3-5). Of note, a meta-analysis that separated localized 
from advanced PC revealed that while there was a null 
or slightly protective effect for localized disease, obesity 
was more strongly associated with increased incidence 
of advanced PC (6). This dichotomous effect of obesity 
on PC incidence is multifactorial: attributable in part 
to detection biases associated with obesity (leading to 
delayed diagnosis and more advanced disease at diag- 
nosis) and also to underlying biological mechanisms. 
Numerous factors contribute toward difficulty detecting 
PC in obese men. First, obese men have lower prostate- 
specific antigen (PSA) values, resulting in reduced PSA- 
driven biopsy rates (7-9). Second, obesity may make it 
more challenging to perform a thorough digital rectal 
examination (DRE), leading to yet more missed cancers 
(10). Third, obese men have larger prostates, reducing 
the likelihood of finding cancer at biopsy (11). These 
detection biases may allow PC growth to continue 
unchecked, thus contributing to elevated incidence of 
advanced disease in obese men (Figure 2.3.1). However, 
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given that obesity was associated with PC mortality even 
in the pre-PSA, premodern biopsy era (12) (i.e., in the 
absence of these aforementioned detection biases), detec- 
tion bias cannot fully explain the link between obesity 
and aggressive PC; biological mechanisms must also play 
a role. 


E OBESITY AND PC TREATMENT 


Radical Prostatectomy 


A systematic review and meta-analysis reported 21% 
increased risk of biochemical recurrence (BCR) and a 
15% increased risk of PC-specific mortality following RP, 
per 5 kg/m? increase in BMI (13). While some data showed 
that obesity was associated with capsular incision, reflect- 
ing a less-than-ideal operation (14), obesity remained 
associated with poor outcome even after adjusting for 
pathological features including margin status (13, 15). 
This suggested that poor technique alone cannot explain 
the link between obesity and aggressive PC, but that 
biological mechanisms also play a part. 


Nonsurgical Treatment 


Regarding outcomes after radiation, while a meta-analysis 
found no association between obesity and BCR for 
brachytherapy-treated patients, obesity was associated with 
16% increased risk of BCR for external beam radiation- 
treated patients, per 5 kg/m? increase in BMI (13). 

One study found that obesity at the time of andro- 
gen deprivation therapy (ADT) increased risk of castrate 
resistant PC (CRPC), metastases, and PC-specific mor- 
tality (16). Another reported elevated testosterone levels 
in obese relative to normal weight men on ADT, suggest- 
ing inadequate testosterone suppression may contribute 
to these worse outcomes (17). Beyond possibly predict- 
ing a poor oncologic outcome, obesity may also increase 
ADT side effects: one study found that it was associated 
with almost fivefold increased risk of new-onset type II 
diabetes (18). 
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Obesity-related detection biases and biological mechanisms contributing to the epidemiologic association between obesity and 


Source: From Ref. (22). Allott EH, Masko EM, Freedland SJ. Obesity: weighing the evidence. Eur Urol. 2013;63(5):800-809. 


Finally, given obesity is associated with upgrading at 
RP (19), body size should be taken into account when con- 
sidering patients for active surveillance, highlighting the 
need for close monitoring of these patients. 


m OBESITY AND PC-SPECIFIC MORTALITY 


Multiple large cohort studies have consistently demonstrated 
a positive, dose-response relationship between increasing 
BMI and fatal PC (1, 20, 21), with a meta-analysis report- 
ing 15% increased PC-specific mortality, per 5 kg/m? 
increase in BMI (13). While this effect may be attributable 
in part to delayed PC diagnosis in obese versus normal 
weight men, obesity was associated with PC mortality even 
in the pre-PSA era (12, 20), demonstrating that this associ- 
ation cannot be explained by detection bias alone, and that 
underlying biologic mechanisms play an important role. 


m CONCLUSIONS 


Epidemiologic evidence linking obesity and aggressive PC 
underlines the importance of taking body size into account 
when screening, treating, and monitoring PC patients, as 
well as counseling obese patients toward healthier lifestyle 
choices and weight loss (22). Unfortunately, no clinical tri- 
als specifically examining the effects of weight loss in PC 
patients have been completed, nor are the biologic mecha- 
nisms linking obesity and PC fully elucidated, though 
multiple pathways have been implicated (Figure 2.3.1). 
Improved understanding of the contributing mechanisms 
would likely provide valuable information regarding the 
etiology of aggressive PC, which could in turn be used to 
develop better approaches for prevention and treatment for 
all men. Furthermore, it is advisable for all individuals to 
maintain a healthy weight, especially for those beginning 
ADT, which can lead to further weight gain and metabolic 
disturbances. Indeed, given that more men diagnosed with 
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PC die from heart disease than from the cancer itself, this 
recommendation more than any other is most likely to 
have a positive impact on quality and quantity of life. 
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JANINE L. OLIVER 
GURDARSHAN S. SANDHU 
GERALD L. ANDRIOLE 
ROBERT L. GRUBB III 


Prostate cancer (PCa) is the most common cancer 
diagnosed in males, accounting for an estimated 238,590 
new cases and 29,720 deaths in 2013 (1). This high inci- 
dence to mortality ratio is strongly linked to the introduc- 
tion of prostate-specific antigen (PSA) as a screening test 
in the 1980s, which facilitated the detection of PCa over 
pre-existing methods (2, 3). A sustained decrease in PCa 
mortality has been noted since the early 1990s (4). There 
have been annual PCa mortality decreases of 4.1% from 
1994 to 2005 and 2.6% from 2005 to 2007 (5). The decline 
in PCa mortality began as PSA testing was beginning to 
become widespread. Age-adjusted PCa mortality has also 
decreased more rapidly in the United States (1990-2005), 
where screening was more prevalent, than in the United 
Kingdom (6). Although it is notable that advances in PCa 
treatment, including the increased practice of radical 
prostatectomy, the introduction of improved forms of 
radiation therapy, and the increased use of hormonal 
therapy in the decade prior to the introduction of PSA 
screening, may have collectively accounted for some of 
the mortality reduction, we cannot ignore the fact that 
since the introduction of PSA screening, the incidence 
of metastatic disease at presentation has declined by 
approximately three-fourths in the United States (7). PSA 
screening was rapidly adopted after its introduction and 
widely promoted in the United States as a public health 
initiative without evidence of improved mortality (8). 
Results of recently completed large-scale screening trials 
with conflicting results have fueled rather than resolved 
the controversy surrounding PSA screening. These 
apparently discordant results have left interpretation 
open for various medical organizations to issue disparate 
recommendations for PSA-based screening. Herein, 
we will review the substantial data that suggest that 
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PSA-based screening, although not a perfect screening 
modality, remains a valuable test in properly selected 
patients. 

Multiple randomized trials have demonstrated a 
significant reduction in PCa-specific mortality rates 
attributable to PSA-based screening for PCa (9-12). The 
largest of these is the European Randomized Study of 
Screening for Prostate Cancer (ERSPC) trial, which 
randomized 182,160 men to a screening arm or control 
group across 7 European countries (9, 13). The screening 
regimen was not uniform across all centers, but a PSA of 
3.0 ng/mL was most commonly used as the threshold for a 
biopsy. Digital rectal exam was omitted from the screening 
process. No difference in overall mortality was noted in the 
entire study population (risk ratio [RR] 0.99, 95% confidence 
interval [CI] 0.97-1.01) (13), but for a predefined “core 
group” of men aged 55 to 69 years (n = 162,243), there was a 
21% reduction in PCa-specific mortality seen in the screened 
group (RR 0.79, 95% CI 0.68-0.91) at 11 years median 
follow-up. This corresponded to an absolute mortality 
risk reduction of 1.07 deaths per 1,000 men. Researchers 
concluded that 1,055 men would need to be screened and 
37 cases of PCa would need to be detected to prevent one 
PCa death. (Notably, the number of women needed to be 
screened for breast cancer with a mammogram to prevent 
one death is much larger, approximately 1300-1900 
depending on patient’s age (14).) Further, based on data 
from the ERSPC, the cumulative risk of metastatic disease 
at 9 to 11 years of follow-up was 31% to 33% lower in the 
screened arm compared to the control arm. 

The PCa-specific mortality risk reduction is even 
greater in the ERSPC trial after adjusting for the effects 
of noncompliance in the intervention arm as well as con- 
tamination in the control group. To adjust for these effects, 
Roobol et al. extrapolated the contamination seen in the 
Rotterdam arm (15.2% true contamination) to the entire 
ERSPC cohort (15). After adjusting only for noncompli- 
ance, the PCa mortality risk reduction further increased to 
27% (RR 0.73, 95% CI 0.58-0.93). With adjustment for 
both noncompliance and contamination, the PCa mortality 
risk reduction increased to 29% to 31% (RR 0.69, 95% 
CI 0.51-0.92 and RR 0.71, 95% CI 0.55-0.93) (15). 
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Another significant population-based screening trial 
was performed in Göteborg, Sweden (16). Although many 
of the patients were also included in ERSPC, in this trial, 
19,904 men aged 50 to 64 years were randomized to 
screening or a control group. Screening was performed 
with a PSA every 2 years, with additional evaluation (con- 
sisting of digital rectal examination [DRE] and biopsy) 
performed for an elevated PSA. The PSA cutoff was noted 
to have changed over the course of the study. (A PSA 
cutoff of 3.4 was used at the beginning of the study, but 
this was later lowered to 2.5.) A total of 76% of men in 
the intervention group attended screening at least once. 
After a median follow-up of 14 years, a significant 44% 
decrease in PCa mortality was noted in the screened group 
(RR 0.56, 95% CI 0.39-0.82), with a 56% risk reduction 
noted in the group of men actually screened (RR 0.44, 
95% CI 0.28-0.68). Based on the observed risk reduction, 
to prevent one PCa death, the number needed to screen 
was 293 and the number needed to treat (NNT) was 12. 

It is worth noting that even in this strongly positive 
trial for PSA screening performed in a population at high 
risk for PCa and PCa mortality, it has been estimated that 
1,000 men would need to be screened for 14 years to avert 
5 PCa deaths, and with that screening, about 120 men 
would have been diagnosed and potentially treated (17). 
An additional important observation stemming from this 
trial was that this improvement in mortality was seen in 
a population where about 30% of men in each arm diag- 
nosed with PCa were managed with active surveillance at 
last follow-up, suggesting that the risks of overtreatment 
can be minimized by good clinical management (16). 

Although not considered as robust due to methodolog- 
ical flaws, the Laval University Prostate Cancer Screening 
Program trial randomized 46,486 men aged 45 to 80 to 
screening or no screening in 1988 (12). Screening in this 
study included serum PSA (with 3.0 ng/mL being the upper 
limit of normal) and DRE at the first visit, with PSA only 
on subsequent visits. In the group invited for screening, 
23.6% of men were screened compared with 7.3% of con- 
trols who received screening. No difference in PCa mor- 
tality was observed after a median follow-up of 7.93 years, 
based on an intention-to-screen analysis (RR 1.085, 95% 
CI 0.822-1.29). However, based on a per protocol analy- 
sis, there was a significant 62% decrease in PCa mortality 
(RR 0.385, 95% CI 0.207-0.714, P = .0025). 

The Stockholm trial randomly invited 2,400 men 
aged 55 to 70 years to a one-time screening for PCa in 
1988 (18). These men were subsequently followed up for 
15 years and outcomes were compared to the remaining 
“source” population of 24,804 men who were not invited 
for screening. Seventy-four percent of men who had been 
invited attended screening. Participants were screened 
with a serum PSA, DRE, and transrectal ultrasound 
(TRUS) with biopsies performed for abnormal findings on 
DRE or TRUS. If the PSA level was greater than 7 ng/mL, 
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repeat TRUS was performed and if greater than 10 ng/mL, 
biopsies were performed. On an intention-to-screen anal- 
ysis, no difference was observed in PCa mortality (RR 
0.98, 95% CI 0.92-1.05) or overall mortality (RR 1.10, 
95% CI 0.83-1.46). However, improved overall survival 
was noted when comparing those men who had actually 
undergone screening with the “source” population (RR 
0.82, 95% CI 0.76-0.90). 

Sandblom et al. reported on the 20-year follow-up of 
their screening trial in Nérrkoping, Sweden (19). In 1987, 
all men aged 50 to 69 were identified, and every sixth man 
was randomized to screening. There were 1,449 men in 
the screening group and 7,532 men in the control group. 
The screening interval was every 3 years from 1987 to 
1996. The screening regimen included DRE for the first 
two occasions and DRE with a PSA (cutoff 4 ng/mL) for 
the last two. Depending on the screening occasion, 70% 
to 78% of the invited men were compliant with screen- 
ing. After a median follow-up of 75 months, no significant 
difference was observed in PCa mortality between the 
screened group and controls (RR 1.16, 95% CI 0.78-1.73). 

More recently, analysis from the large Prostate, Lung, 
Colorectal, and Ovarian (PLCO) Cancer Screening Trial 
showed no overall benefit to PSA-based screening; how- 
ever, evidence suggesting benefits of PSA screening for 
selected populations can be gleaned from analysis of the 
data. In the PLCO trial, 76,685 men were randomized 
to screening or usual medical care across 10 sites in the 
United States (10, 20). The screening regimen consisted of 
an annual PSA for 6 years and an annual DRE for 4 years. 
All screened men and their caregivers received PSA results, 
and those with a PSA above 4 ng/mL were advised to seek 
further diagnostic evaluation. After 13 years of follow- 
up, no difference in PCa mortality (RR 1.09, 95% CI 
0.87-1.36) was observed between the groups. However, 
criticisms of the PLCO study are well documented, mainly 
relating to the high rates of screening in the control group 
(three in four men underwent at least one test) as well as 
the level of PSA screening prior to trial enrollment (up to 
40%) (21). There was a large degree of prescreening among 
men enrolled in both arms and contamination of up to 
52% of men in the usual care group undergoing a PSA test 
at some point during the study. These circumstances and 
the fact only 85% of men in the screened arm underwent 
testing may have affected the power of the trial, result- 
ing in a decreased ability to detect a beneficial effect from 
screening (22, 23). 

Although there was no benefit to screening for the 
study population as a whole, a post-hoc analysis of 
men with no or minimal comorbidity in the PLCO trial 
showed a 44% reduction in the risk of PCa mortality 
among men in the screening arm (hazard ratio 0.56, 95% 
CI 0.33-0.95) (24). The median age of this group of men 
was notably also much lower (61 years). Moreover, NNT 
to prevent one PCa death at 10 years in this subgroup 
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was five. This analysis is significant because it excluded 
men with significant comorbidities that were judged by 
investigators to be likely to shorten a subject’s life. The 
interaction between screening effect and comorbidity 
was later found to be dependent upon the comorbidity 
definition used by PLCO investigators (20). 

Aside from randomized trials, population level data 
have provided valuable observations of the influence of PSA 
screening. Although population level data cannot establish 
causality, there are epidemiologic data that provide support- 
ing evidence that the introduction of PSA-based screening is 
generally followed by a decline in rates of advanced disease 
and, in some cases, by a fall in PCa mortality. Strengths 
of epidemiologic studies include large sample sizes and a 
“real-world” experience, which may make these data more 
generalizable compared with data from a clinical trial. In 
Olmsted County, Minnesota, for example, age-adjusted 
PCa mortality rates increased from 25.8 per 100,000 men 
from 1980 to 1984 to a peak of 34 per 100,000 from 1989 
to 1992; rates subsequently decreased to 19.4 per 100,000 
from 1993 to 1997 after PSA screening became more com- 
monplace in the United States (25). Similarly, death rates 
from PCa as reported in the National Cancer Database 
have declined at the rate of 1% per year since 1990 (26). 
Improvements in PCa mortality were noted with initia- 
tion of population-based screening and treatment in Tyrol, 
Austria, compared to other regions of Austria where screen- 
ing was not widely implemented (27). Although some have 
cautioned that this improvement may result from many 
additional factors (28) such as the contribution of improved 
treatments (29, 30) or attribution bias (31), modeling has 
attributed 45% to 70% of this observed PCa mortality 
reduction to PSA screening (4). 

Prior to the PSA screening era, a majority of men diag- 
nosed with PCa had advanced or metastatic disease (32). 
With the introduction of screening, a marked increase in 
the diagnosis of asymptomatic, clinically localized dis- 
ease has been observed (33, 34). Catalona et al. reported 
locally advanced tumors in 57% of a comparison group 
to 29% in a group undergoing serial PSA screening (34). 
Similarly, the Cancer of the Prostate Strategic Urological 
Research Endeavor revealed an increase in clinical T1 dis- 
ease from 23% in 1993 to 1995 to 50% in 2002 (35), and 
Surveillance, Epidemiology, and End Results data from 
2004 to 2005 showed that 94% of newly diagnosed men 
have localized disease (T1 or T2) (33). A decrease in dis- 
tant or metastatic disease was seen following the introduc- 
tion of screening (36, 37). Given this well-described stage 
migration, and in light of the well-documented compet- 
ing mortality risks in men diagnosed with PCa, the men 
expected to benefit the most from a diagnosis and subse- 
quent treatment of PCa would be those who are young 
with minimal comorbidities (38, 39). 

These benefits in a younger population with minimal 
or no comorbidity are important to consider given the 
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protracted natural history of screen-detected PCa, which 
can predate a clinical diagnosis by 6 to 14 years (40). 
The majority of these patients have organ confined and 
potentially indolent disease (33). Of the men treated with 
curative intent, up to one-third can be expected to recur 
(41); however, even following such a recurrence, there can 
be a prolonged survival before death from PCa (42, 43). 
Thus, a younger male with a longer life expectancy may 
be more likely to accept the risk of the potential harms 
of screening to gain the potential benefits. However, 
such a patient would also have a longer period of time 
to live with potential harms of screening and treatment. 
Currently available data do not allow us to extrapolate 
in an empirical way beyond 10 to 14 years, which makes 
it difficult to forecast outcomes beyond that time frame. 
The large recent studies described earlier will continue to 
accrue follow-up data and already have hinted that they 
may show a greater benefit to screening with time. 

Although modeling based on ERSPC data showed that 
PSA-based screening may offer an increase of life-years (76 
life-years over 1,000 men undergoing annual PSA screen- 
ing between 55 and 69 years), 23% of the unadjusted life- 
years that were gained would be counterbalanced by a loss 
in quality-adjusted life years (QALYs) (44). A substantial 
part of the predicted difference between life-years and 
QALYs gained was caused by overdiagnosed cancers and 
consequently by short-term and long-term effects of pri- 
mary (over)treatment. Thus, strategies to reduce overdiag- 
nosis and to distinguish indolent from aggressive cancers 
are necessary. Several tests are also now available, which 
may improve the ability of PSA to detect clinically signifi- 
cant PCa and prevent unnecessary biopsies. Rather than 
reinventing the wheel with a novel biomarker, these tests 
incorporate existing markers and molecular isoforms of 
PSA into a single test that, when combined with the stan- 
dard total PSA (tPSA) test, may improve the performance 
of PSA-based screening. 

The Prostate Health Index (PHI) was approved in the 
United States in 2012 for use in men 50 years and older 
with a tPSA between 4.0 and 10 ng/mL and a normal 
DRE. Based on established findings that a higher pro- 
portion of [-2]proPSA (p2PSA) or a lower proportion of 
free PSA (%fPSA) is associated with PCa, the PHI is cal- 
culated (PHI = (p2PSA/fPSA) x ytotal PSA)), which has 
been shown to improve PSA-based risk stratification. In 
a tPSA range of approximately 2 to 10 ng/mL, the PHI 
provides significantly better clinical performance for pre- 
dicting Gleason = 7 PCa than tPSA or percentage of fPSA 
or p2PSA (45, 46). This finding was recently confirmed 
in a study by Lazzeri et al., which showed that the sensi- 
tivity and specificity of the PHI exceeds its components 
in discriminating Gleason 2 7 disease from lower grade 
disease or negative biopsy, resulting in improved decision 
making for biopsy (47). Further, the data from Lazzeri 
et al. suggested that in patients with a tPSA between 2.0 and 
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10 ng/mL, use of the PHI at a sensitivity of 90% would 
avoid 15.5% of unnecessary biopsies while only missing 
1.1% of Gleason = 7 PCa. 

A panel of four kallikrein markers (tPSA, fPSA, intact 
PSA, and kallikrein-related peptidase 2), while not yet 
commercially available, has also been reported as a highly 
accurate predictor of biopsy outcome (48). Compared with 
tPSA and age, the full kallikrein panel enhanced the pre- 
dictive accuracy for clinically diagnosed PCa (concordance 
index 0.65 vs. 0.75; P < .001) (49). In a statistical model, 
men with a PSA level of 3 ng/mL or more but defined as low 
risk by the panel of four kallikrein markers were unlikely 
to develop advanced PCa (less than 1% of the group). 

The role of PSA velocity in improving the sensitivity 
and specificity of PSA testing is controversial. Initial retro- 
spective observations suggested that PSA velocity improved 
the ability of testing to identify aggressive disease (50), 
but analyses of two large prospective trials—the Prostate 
Cancer Prevention Trial (PCPT) and ERSPC (51, 52)—do 
not show any advantage to using PSA velocity, perhaps 
due to the well-recognized biologic variations within indi- 
vidual men when PSA levels are drawn. 

Finally, although annual PSA screening has been the 
standard since its introduction, the optimum screening 
regimen has never been determined. Current evidence 
suggests that annual screening is not likely to produce 
significant incremental benefits when compared with a 
screening interval of 2 years. In the PLCO trial, a com- 
parison of annual screening with opportunistic screening 
in the U.S. population, which corresponded to screening 
on average every 2 years, PCa mortality rates were simi- 
lar in the two groups through 13 years of follow-up (21). 
Another analysis of men in the screening arm of the PLCO 
trial suggested that screening every 5 years for baseline 
PSA less than 1 ng/mL and every 2 years for PSA 1 to 
2 ng/mL could result in a 50% reduction in PSA tests while 
missing less than 1.5% of men with earlier positive screens 
(53). A modeling study by Gulati et al. compared 35 
screening strategies that differed by ages to start and stop 
screening, screening intervals, and thresholds for biopsy 
versus no screening (54). A strategy that screens biennially 
with longer screening intervals for men with low PSA lev- 
els achieves similar risks for PCa death (2.27% vs. 2.15% 
for the annually screened reference strategy) and overdi- 
agnosis (2.4% vs. 3.3%), but reduces total tests by 59% 
and false-positive results by 50%. Collectively these data 
support alternative screening intervals which may improve 
the tradeoffs of PSA-based screening. 

Unfortunately, despite the completion of several large 
randomized trials and the examination of data from mul- 
tiple discrete populations, the controversy surrounding 
PSA screening has not been resolved. We believe that the 
existing data support continued PSA-based screening for 
properly selected populations, rather than screening all 
men based on age alone. Determination of comorbidity 
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status, risk for developing PCa, and life expectancy are 
important factors that need to be considered in deciding 
who should undergo testing. The data also suggest that 
reliance on annual PSA testing for all men likely results in 
overdiagnosis. It is hoped that in the future, screening will 
incorporate risk-adapted screening intervals, and adjunct 
testing such as biomarker panels will result in screening 
and detecting more significant cancers while avoiding over- 
diagnosis. Currently, the updated analyses of several large 
randomized trials, however, do support PSA screening, 
particularly in a properly selected population. Recently, 
data from the Malmö Preventive Project demonstrated 
that men with PSA in the highest 10th percentile at age 45 
to 49 years contribute nearly half of PCa deaths over the 
next 25 to 30 years (52). This finding was reflected in the 
current strategy of the European Association of Urology, 
which recommends offering a baseline PSA at 40 to 45 
years followed by a risk-adapted follow-up approach to 
screening in men with a life expectancy 210 years (53). 

Moving forward with PSA screening at this point 
mandates careful selection of those men most likely to 
derive benefit. This population includes patients at higher 
risk for PCa and PCa mortality with a long-life expec- 
tancy due to young age and minimal or no comorbidity 
who should be offered PSA screening after appropriate 
counseling. 
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3.1.2 


OTIS W. BRAWLEY 


The argument against prostate cancer screening is really 
an argument for caution in its advocacy and use. It is an 
unfortunate fact that the data to support a benefit to the 
patient from prostate screening are weak and inconsistent, 
whereas the data to support harms due to screening are 
extremely consistent. 

Prostate cancer screening has been widespread. It is 
commonly offered at health fairs. It has even been offered 
on the floor of political conventions and from vans in super- 
market parking lots. It is most concerning that prostate 
cancer screening is a test that can lead to life-changing and 
harmful interventions, yet some organizations are offering 
it with the implication or sometimes even the promise of 
benefit and with no discussion of the proven risks. 

The truth is prostate cancer screening may be a net 
benefit to the population; but it also may not be. This is 
an unknown. It might save a small number of men from 
a prostate cancer death, while causing significant harm to 
a large number. The benefits may not justify the harms. 


E A BRIEF HISTORY 


The prostate-specific antigen (PSA) was first discovered 
and converted into a test in the 1970s. Prostate cancer 
screening using the PSA was first popularized in the early 
1990s(1,2). Commonly used arguments in favor of pros- 
tate cancer screening include: 


e Screening finds lots of disease and it finds localized 
disease. 

e The proportion of men diagnosed through screening 
and surviving 5 years after diagnosis is substantial 
and is greater than that of men diagnosed due to 
symptoms (1, 2). 


This argument ignores the important fact that the pur- 
pose of a screening test is to prevent death (3). Granted an 
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effective test must find localized disease to prevent death, 
but finding localized disease is only the beginning (3). 

There are several examples of cancer screening tests 
that have found localized disease, increased the amount 
of disease found, and increased the proportion surviving 
5 years without changing the risk of death. This occurred 
in children with urine vanillylmandelic acid screening for 
neuroblastoma (4) and in adults with chest x-ray screening 
for lung cancer (5). 

Indeed, the comparison between what occurred in 
prostate cancer screening in the 1990s and what occurred 
in lung cancer screening in the 1960s and 1970s is strik- 
ing (6). Chest x-ray screening was commonly done in the 
United States for several decades before the completion of 
well-designed prospective randomized studies to assess it. 
These studies eventually showed chest x-ray screening not 
effective. Some even suggested it net harmful (7). 


m DOES PSA SCREENING FIND 
LOCALIZED PROSTATE CANCER? 


The dramatic increase in prostate cancer incidence after 
the introduction of screening would seem to suggest that 
PSA screening is good at finding localized prostate cancer. 
Studies have shown that about 7.5% of men aged 50 years 
and older volunteering for screening have a PSA over 4 ng/ 
mL. Of these, 25% have a prostate cancer (8). 

The Prostate Cancer Prevention Trial (PCPT) was aran- 
domized prospective study of more than 18,000 men (9). It 
provides perhaps the best studied screening cohort ever. 
Participants were median age 62 years at the start and 
69 years at the end. They were consented and random- 
ized to treatment with daily finasteride or placebo for a 
planned 7-year period. Screening with PSA and digital 
rectal examination (DRE) was done annually. Men with 
eight normal screens over 7 years at the end of the study 
were asked to submit to a prostate biopsy. 

The findings from the control arm of this study are 
quite damning of PSA screening (9, 10). 
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e Screening found a lot of prostate cancer; 14% of men 
in the placebo were diagnosed with prostate cancer 
during 7 years of screening. 

e PSA with a cutoff of 4 ng/mL missed a lot of pros- 
tate cancer; 15.2% of men completing eight normal 
annual screens over 7 years were diagnosed with 
prostate cancer due to the end-of-study prostate 
biopsy. 

e PSA and DRE also missed a lot of high-grade pros- 
tate cancer. Among those completing the trial and 
diagnosed with prostate cancer, 38% of the high- 
grade prostate cancers were in men with a PSA less 
than 4 ng/mL. 


It is hard to fathom, but among men completing the 
study on the placebo arm, more than 28% were diagnosed 
with prostate cancer. It is estimated that 3% of men, aged 
60, will ultimately die of prostate cancer. This suggests 
that this disease is prone to significant overdiagnosis (11). 

With a PSA cutoff of 4 ng/mL, the false-positive rate 
was 75% during the 7 years of the study. Lowering the 
PSA cut point for biopsy will increase the false-positive 
rate and the number of prostate biopsies performed. This 
would increase the harms associated with screening, as 
prostate biopsies are associated with a small but signifi- 
cant complication rate (12). 

The Prostate Cancer Prevention Trial (PCPT) is the 
only study in which there was systematic biopsy of men 
with PSA less than 4 ng/mL. Analysis of the PCPT data has 
shown that there was no optimal cut point. There were even 
cancers diagnosed at PSA levels less than 1.0 ng/mL (13). 


E DOES TREATMENT OF LOCALIZED 
DISEASE SAVE LIVES? 


Treatment of localized prostate cancer must be effec- 
tive, if screening is to be effective. The efficacy of screen- 
ing has been questioned for more than three decades. It 
even predates the PSA screening era. The prostate cancer 
conundrum was best summarized by the distinguished 
urologist, Willet Whitmore when he said: “ Is cure neces- 
sary for those in whom it is possible? Is cure possible for 
those in whom it is necessary?” (14) 

This conundrum was illustrated by a landmark analy- 
sis of 767 men diagnosed with localized prostate cancer in 
the 1970s and followed expectantly. A small proportion 
actually died of prostate cancer: 4% to 7% of men with 
Gleason 2 to 4 disease, 6% to 11% of those with Gleason 
5 disease, and 18% to 30% of men with Gleason 6 
cancer (15). 

There have been two well-designed prospective ran- 
domized trials to assess the efficacy of surgical treatment 
of localized prostate cancer. They illustrate the limited 
effect of treatment for localized prostate cancer. 
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The Scandinavian Prostate Cancer Group-4 prospec- 
tively randomized 695 men with clinically localized pros- 
tate cancer men (12% diagnosed by PSA testing) to radical 
prostatectomy or observation (16). Those on the observa- 
tion arm received hormonal therapy if they became symp- 
tomatic. At 15 years follow-up, 15% of the prostatectomy 
group and 21% of the watchful waiting group had died 
of prostate cancer. This was statistically significant (risk 
ratio [RR] 0.62, 95% confidence interval [CI] 0.44-0.87). 
The absolute risk reduction was 6.1%, meaning the num- 
ber needed to treat (NNT) to prevent 1 death at 15 years 
of follow-up was 16. This was not a group detected after 
PSA screening. If it were, the effect at 12 years would be 
diminished and the NNT would be higher. 

The Prostate Intervention versus Observation Trial 
study enrolled men with PSA-detected localized dis- 
ease (17). It randomized subjects to radical prostatectomy 
or watchful waiting. With a median 12 years follow-up, 
48.4% (354 of 731) had died. Radical prostatectomy did 
not significantly reduce prostate cancer-specific mortal- 
ity. Prostatectomy was associated with a 2.9% absolute 
reduction and watchful waiting 2.6%. Subgroup analyses 
suggested that surgery might cause a small reduction in 
mortality among men with higher PSA values and possibly 
among men with higher risk tumors. 


E DOES SCREENING PREVENT DEATH 
FROM PROSTATE CANCER? 


Those of us who are most cautious about screening believe 
this question is not answered. We note there are studies 
that suggest yes and studies that suggest no. All these 
studies have limitations and flaws. 

For some time, there has been discussion of prostate 
cancer demographic data in an effort to demonstrate that 
screening works or does not work. There are so many vari- 
ables in ecologic studies such that they can provide some 
useful information, but they cannot definitively answer 
the question. 

There has been a 40% decline in the U.S. age-adjusted 
prostate cancer mortality since the late 1980s(11). This 
would at first glance seem to support prostate cancer screen- 
ing. Further assessment of the facts shows that the decline 
in mortality began several years before the popularization 
of PSA screening. One would expect the effect of screening 
to be seen at least 6 to 10 years after screening began. 

The fact that a decline in prostate cancer mortality 
began 8 to 10 years before it could be attributed to screen- 
ing means at least some of the U.S. decline cannot be due 
to screening. Some have suggested it was an improvement 
in treatment of regional and metastatic disease diagnosed 
through symptoms (18). Some have suggested that changes 
in the World Health Organization definition of death may 
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be responsible for decline in mortality. These changes 
were put into effect the year that the decline began. They 
may have caused some deaths that once would have been 
attributed to prostate cancer to be attributed to infectious 
diseases, especially pneumonia (19). 

Others have theorized that increased use of GNRH 
analogs to treat prostate cancer might have caused a rise 
in cardiovascular deaths among men who without early 
diagnosis and treatment would have died later from 
prostate cancer (20,21). This is an unproven theory. It is 
known that GNRH analogs increase risk of cardiovascu- 
lar disease and cardiovascular death (22). It is known that 
there was excessive use of these drugs in the United States 
over the past 20 years (23). 

One or all of the four reasons may be the cause of the 
decline in prostate cancer mortality in the United States. It 
may be due to screening, more effective treatment, changes 
in the definition of cause of death, and some cardiovascu- 
lar deaths due to hormonal treatment. 


E A COMPARISON OF POPULATIONS 


There is the temptation to compare mortality rates in heav- 
ily screened populations to mortality rates in populations 
that are not as heavily screened. Screening was adopted 
earlier and more intensely in Washington compared to 
Connecticut. As a result, the National Cancer Institute 
Surveillance, Epidemiology, and End Results (SEER) 
region in western Washington reported early increases in 
the age-adjusted incidence of prostate cancer far greater 
than seen in Connecticut, which also has a SEER regis- 
try. For years, the two populations have had very similar 
mortality rates including a decline starting in the early 
1990s (24). 

There were similar findings when comparing age- 
adjusted incidence and mortality rates in the United States 
with those in Great Britain(25). Screening in the United 
States caused the prostate cancer age-adjusted incidence 
rate to rise dramatically during the 1990s. A dramatic 
rise was not seen in Great Britain. Age-adjusted mortality 
rates were near identical over a near 20-year period. Only 
recently, the U.S. age-adjusted mortality rate has dropped 
below that in Great Britain. It is not known whether the 
difference is due to differences in screening or differences 
in treatment. The treatment of prostate cancer at all stages 
is less aggressive in Great Britain. 

There are many country to country variables, including 
differences in culture, screening, and treatment, that make 
it difficult to compare cancer incidence and mortality 
by country(25). There is also a significant literature to 
show that the accuracy of death certificate cause of death 
data can vary(26). Trends in prostate cancer death are 
likely less affected by this variance than are head-to-head 
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comparisons of the mortality rates in one country versus 
another. 

It is also of note that age-adjusted prostate cancer 
mortality is declining in 21 countries, and screening is 
widespread in 3 of the 21 countries (27). Again this is evi- 
dence that at least one other factor beyond screening is 
causing the decline in prostate mortality. 


E THE PROSPECTIVE RANDOMIZED 
TRIALS 


The most powerful evidence to determine the efficacy of 
screening is a prospective randomized trial. All published 
randomized trials to date have flaws. Two suggest screen- 
ing saves lives and the others do not. All demonstrate the 
harms and overdiagnosis of screening. 

Three published studies show no benefit to screening 
when analyzed by intention (28-30). Unfortunately, they 
are considered of poor quality (31). 

The Prostate, Lung, Colorectal, and Ovarian (PLCO) 
randomized 76,700 men aged 55 to 74 years to annual 
PSA screening with DRE versus usual care (32,33). It is 
generally considered of fair quality even though there was 
substantial contamination (screening in the control arm). 
At 13 years of follow-up, there was a statistically nonsig- 
nificant increase in the cumulative prostate cancer mor- 
tality among men randomized to the screening arm (RR 
1.09, 95% CI 0.87-1.36). Some argue that instead of com- 
paring screening with no screening, the PLCO effectively 
compared regular screening with opportunistic screening. 

The European Randomized Study of Prostate Cancer 
(ERSPC) was to be a pooling of screening data from nine 
studies, in nine countries. Eventually the data from seven 
countries were pooled and published. It is unknown why 
the trial data from two countries were not included in the 
eventual publication. 

The seven studies making up the published ERSPC 
study enrolled 182,000 men aged 50 to 74 years. It was a 
negative study (RR 0.85, 95% CI 0.73-1.0). The analysis 
of the seven pooled trials failed to demonstrate that PSA 
screening was associated with a decline in prostate cancer 
mortality. A planned subset analysis of the 162,243 men 
aged 55 to 69 at 9 years of follow-up, however, did show a 
statistically significant difference in prostate cancer death 
rate in the screened group versus the control group (RR 
0.80, 95% CI 0.65-0.98) (34). An update with 11 years of 
follow-up showed a 21% relative risk reduction (RR 0.79, 
95% CI 0.68-0.91). 

Analysis of the seven individual studies making up the 
published ERSPC is telling. Five of the seven studies failed 
to show that screening saved lives. The ERSPC subset 
analysis was a positive study because screening saved lives 
in Sweden and the Netherlands (Table 3.1.2.1). 
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E Table 3.1.2.1 


Deaths on Screened Total on Screened 


Country Arm Arm 

Sweden 39 5,901 
Belgium 22 4,307 
Netherlands 69 17,443 
Italy 19 7,266 
Finland 139 31,970 
Spain 2 1,056 
Switzerland 9 4,948 
Total subjects 260 66,990 


The Gotteborg trial was the second positive study (35). 
It found that PSA was associated with a decreased risk 
for prostate cancer-specific mortality (RR 0.56, 95% CI 
0.39-0.82) at a median of 14 years follow-up. More than 
90% of the prostate deaths in the Gotteborg trial are the 
men dying in the Swedish component of the ERSPC. As 
such, it does not constitute independent evidence of the 
efficacy of prostate cancer screening. 

The Finnish trial contributed more men to the ERSPC 
than any other (36). Its data have been published. It dem- 
onstrates that screening is associated with a statistically 
significant decrease in metastatic disease, but it failed to 
show that screening was associated with a decrease in 
prostate cancer-specific mortality. 

One must wonder why screening saved lives in Sweden 
and the Netherlands but not in Belgium, Italy, Finland, 
Spain, or Switzerland. What was different about these 
seven trials such that only two would be positive? Why 
was the Swedish study so much more positive than even 
the Dutch study? These questions have not been com- 
pletely answered. The Swedish cohort did have younger 
patients, longer follow-up, more frequent screening, and 
approximately twice the aggregate prostate cancer mor- 
tality rate compared to the other ERSPC trials. 

ERSPC had no standard protocol. There were differ- 
ences in PSA screening schedule, PSA normal values, and 
other variables. Perhaps most important, there were dif- 
ferences in randomization. In some countries, the men in 
the control group did not know that they were in the trial. 
They were followed up through tumor registries. Men on 
the intervention arms in these countries were more likely to 
be treated in high-volume specialty centers, whereas men 
in the control group who were diagnosed with prostate 
cancer were more likely to be treated in the community. 

A screening trial has a serious bias when there is vari- 
ability between screened and control arms in the initial 
treatment of patients with similar risk and similar stage 
disease. These studies may very well have randomized men 
to screening and U.S. style aggressive treatment versus no 
screening and more conservative European style treatment 
if diagnosed (20). 


Deaths on Control 


ERSPC 9-year data: relative risk of death for screened versus unscreened by country 


Total on Control Risk Ratio (95% 


Arm Arm Confidence Interval) 

70 5,951 0.56 (0.38-0.83) 

25 4,255 0.86 (0.48-1.52) 

97 17,390 0.71 (0.52-0.96) 

22 7,251 0.86 (0.46-1.58) 
237 48,409 0.89 (0.72-1.09) 

1 1,141 2.15 (0.20-23.77) 

10 4,955 0.89 (0.36-2.20) 

392 83,401 0.80 (0.65-0.98) 


E APPLYING CLINICAL STUDIES TO THE 
REAL WORLD 


Perhaps the greatest argument for caution in advocating 
prostate cancer screening is seen when one looks at the 
ERSPC study finding and applies the data. The NNT to 
save one life from a prostate cancer death is estimated to 
be 37 men (37). This means for every 200 men diagnosed 
and treated, 5 to 6 men would benefit, and 194 or 195 
would not. These men have all the risks and side effects 
associated with diagnosis and treatment but none of the 
benefits. I note that the death rate associated with radical 
prostatectomy in the United States is about 1 in 200. 

Of those who would not benefit in the aforementioned 
example, estimates of overdiagnosis range from 40% to 
60% (38,39). This is an argument supporting the desperate 
need for an objective validated test to distinguish the pros- 
tate cancers that need to be treated from those cancers 
that need to be watched. 


E SUMMARY 


Every cancer screening test has some harms even if net ben- 
eficial. One should have some perspective of the harm—ben- 
efit ratio before using a test. The harms of prostate cancer 
screening are demonstrated in every published randomized 
prospective clinical trial. The United States is 25 years into 
an epidemic of prostate cancer screening without adequate 
understanding of this harm—benefit ratio. 

The best way to assess the efficacy of a screening test 
is a well-designed prospective randomized clinical trial in 
which subjects volunteer for enrollment and are then ran- 
domized to a screening or a control group and followed 
up over time. This was not done in all of the published 
prospective randomized studies. 

Even if one were to accept as accurate the prospective 
randomized studies that purport to show screening saves 
lives, the ERSPC trials suggest that the number of lives 
saved is low and the number of men receiving unnecessary 
treatment is high. 
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E Table 3.1.2.2 Prostate cancer screening 


recommendations of respected organizations 


Recommending for informed or shared decision making 
within the physician-patient relationship 


American Cancer Society 

National Comprehensive Cancer Network 
American Society for Clinical Oncology 
European Urology Association 

American Urology Association 


Recommending against routine prostate cancer screening 


U.S. Preventive Services Taskforce 

Canadian Taskforce on the Periodic Health 
Examination 

American College of Preventive Medicine 

American College of Physicians 

American Academy of Family Physicians 


A man who chooses routine prostate cancer screening 
from age 50 to 70 definitely doubles his lifelong risk of 
prostate cancer diagnosis from an absolute risk of about 
10% to near 20%. Two studies (ERSPC and Gotteborg) 
suggest that a man will decrease his relative risk of death 
from prostate cancer by 20% to 34%. That is an absolute 
lifetime risk of prostate cancer death going from 3% to a 
range of 2.4 to 2.0 lifetime risk. 

The problem with the data is actually well reflected in 
the wording of screening statements and recommendations 
from a number of respected professional organizations. 
Truth be told, no professional organization that publishes 
screening guidelines recommends prostate screening with- 
out caveat. Indeed of 10 organizations, 5 currently recom- 
mend against routine screening and 5 recommend some sort 
of informed or shared decision making between a patient 
and his physician after a discussion of the proven risks and 
possible benefits of screening (40—42) (Table 3.1.2.2). 

It is the author’s belief that the best statement in prostate 
cancer screening is one that conveys what is known, what 
is not known, and what is believed and labels them accord- 
ingly. Such is the 2009 American Urological Association 
PSA Best Practice Statement. It recommended against mass 
screening and stated that a decision must be made within the 
physician—patient relationship. The statement said: 


Given the uncertainty that PSA testing results in more benefit 
than harm, a thoughtful and broad approach to PSA is criti- 
cal. Patients need to be informed of the risks and benefits of 
testing before it is undertaken. The risks of overdetection and 
overtreatment should be included in this discussion. (43) 
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E INTRODUCTION 


Since the introduction of prostate-specific antigen (PSA) 
into clinical practice in the 1980s, PSA is recognized as 
the most reliable biomarker of prostate cancer (PCa) (1). 
However, worldwide explosive diffusion of PSA screen- 
ing comes under a criticism for encouraging a large num- 
ber of unnecessary prostate biopsy, overdiagnoses, and 
overtreatment. Under the shadow of these current con- 
troversies, sophisticated and reasonable decision-making 
approaches of PCa screening are desired to improve the 
accuracy of selection of candidates for further thorough 
examination and to reduce the potential harm, which can- 
cer screenings involve. Today, several tools and algorithms 
exist for this purpose. 


m PSA CUTOFF THRESHOLD 


Setting the cutoff point of serum PSA has significant 
impact on the accuracy of PSA-based screening. In appar- 
ently healthy men, serum PSA level remains very low, and 
elevated levels of PSA can imply the potential presence of 
PCa (Table 3.1.3.1) (2,3). Traditionally, PSA values more 
than 4.0 ng/mL were mainly used as cutoff values for fur- 
ther examination of PCa (4). However, recent researches 
revealed that even at the lower PSA values of less than 
4.0 ng/mL, detection of PCa is not a rare event, and optimal 
upper limit of the normal range for PSA remains a matter 
of opinion (2,3). For example, the European Randomized 
Study of Screening for Prostate Cancer (ERSPC) adapted a 
PSA value of 3.0 ng/mL as a cutoff for a prostate biopsy (5), 
and other experts proposed age-specific reference range of 
PSA for subjects younger than 60 years (6). 


How Do We Improve PSA 
Accuracy? 


E Table 3.1.3.1 Relationship of prostate-specific antigen 


and prostate cancer detection rate 


Serum PSA Level (ng/mL) DRE % Prostate Cancer 
<0.5 6.6 
0.6-1.0 10.1 
1.1-2.0 17 
2.1-3.0 23:9 
3.1-4.0 26.9 
<4 + 16.6 
4-7 + 47.4 

- 31.1 
7-10 + 58 

- 34.4 
>10 + 90 

- 64.6 


DRE, digital rectal examination; PSA, prostate-specific antigen. 
“+” means suspicious for cancer; “—” means nonsuspicious for cancer. 
Data are derived from contemporary series (2, 3). 


m PERCENT OF FREE PSA (%FPSA) 


To improve cancer detection quality by PSA testing, several 
molecular derivatives of PSA were investigated. In serum, 
the majority of PSA exists as a complexed form bound with 
proteins, while some is free form protein and called free 
PSA. The free PSA accounts for 5% to 35% of total PSA 
and the proportion diminishes at the coexistence of PCa (7). 
Therefore, the lower percent of free PSA (%fPSA) sug- 
gests the higher likelihood of positive result from prostate 
biopsy. Scientific research indicates that malignant prostate 
glands produce PSA that is more likely to bound protein (8). 
The Food and Drug Administration approved the ratio of 
free to total PSA (%fPSA) for PCa detection with PSA tests 
for men with normal result from digital rectal examination 
and a gray zone range of PSA from 4 to 10 ng/mL. 
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There is no clear criterion of cutoff value of %fPSA. 
Catalona et al. performed a prospective multicenter study 
inclusive of white and black groups of men and revealed that 
with a %fPSA less than 10%, more than half of men tested 
positive for PCa with a threshold of 25% of %fPSA and 
95% of patients developed PCa with about a 20% reduction 
in unnecessary biopsies recorded for both races (8). 


E PSA VELOCITY 


PSA velocity is the rate at which PSA values elevate from 
year to year. After the introduction of PSA for PCa screen- 
ing, some studies noted that PSA levels in men with PCa 
rises more rapidly than in those without PCa. Carter et al. 
demonstrated that a PSA velocity greater than 0.75 ng/mL 
per year as a possible marker for the presence or absence of 
PCa in men with PSA levels between 4 and 10 ng/mL (9). 
However, the efficiency of PSA velocity for PCa screen- 
ing is controversial. A study by ERSPC concluded that 
PSA velocity was not a significant predictor of a positive 
biopsy (10), and a recent systematic review does not sup- 
port the use of PSA velocity as well as PSA doubling time 
in clinical decision making for detection and treatment 
of early-stage PCa because of the lack of evidence of its 
additional predictive information compared with using 
absolute PSA level alone (11). 


E PSA DENSITY 


PSA density (PSAD) is a volume-adjusted PSA level. 
Consequently, because PSA could elevate with benign 
prostate enlargement, an index calculated by dividing 
PSA by prostate volume, determined usually by ultraso- 
nography, is believed to be useful in distinguishing PSA 
rise caused by PCa(12). A cutoff line, PSAD of 0.15 or 
greater, is recommended to improve the prediction of 
the probability of diagnosing PCa in men with PSA lev- 
els between 4 and 10 ng/mL and a normal digital rectal 
examination (13). Similarly, the transition zone PSA den- 
sity, a value obtained by adjusting PSA by the transition 
zone volume calculated on transrectal ultrasound, has also 
been proposed as an additional diagnostic parameter (14). 


E INDIVIDUALIZED PREDICTING TOOLS 
FOR PROSTATE CANCER 


Because PSA is not cancer specific but organ specific, PSA 
alone results in a high false-positive rate. Among men 
presenting a PSA of 4 to 10 ng/mL, PCa is presented in 
only 30% to 40% of them (3). The higher the PSA cut- 
off point is set as a biopsy indicator, the more its speci- 
ficity improves, while lessening the opportunity of cancer 
detection. Inversely, when a lower threshold is used, its 
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sensitivity increases, thus increasing the risk of unnecessary 
biopsies (15). To compensate for the limitations in the sen- 
sitivity and specificity of PSA values alone for prediction, 
there are various approaches to predict the likelihood of 
PCa. Currently, dozens of nomograms and artificial neural 
networks exist for PCa prediction (16); however, even with 
a wide variety of models, those with external validation 
and international population heterogeneity are few (17). In 
addition, users need to be aware that these tools still lack 
enough evidence of improving the benefit to harm ratio, 
and generalizability is limited to the population related 
to their development process. A comprehensive review of 
these predicting tools by Schroder et al. states that even 
though various variables are integrated in models with the 
justification of statistical significances, it often happens 
that increasing complexity of the model does not afford 
enough improvement of its predictive quality and ends 
in making the model less feasible(16). They also pointed 
out that for men without additional risk factors, including 
family history, positive digital rectal examination, and his- 
tory of previous prostate biopsy, PSA value alone provides 
a sufficiently precise prediction (16). The panel committee 
of American Urological Association for PCa screening rec- 
ommended that physicians limit the use of these tests as 
a complementary reference for decision making regarding 
the need for a prostate biopsy (18). 


m GUIDELINES BY AMERICAN 
UROLOGICAL ASSOCIATION 


In 2013, the American Urological Association (AUA) 
released the clinical guideline of “Early Detection of 
Prostate Cancer”(18). The updated recommendations 
intended to provide efficient detection of PCa at early 
and presymptomatic stages while focusing on the merit of 
early detection and reducing the harm of screening. 

The AUA guideline does not support annual routine 
PSA checks without considering patient risk factors such 
as family history, race, and information pertinent to 
benefits and harms associated with PSA screening, espe- 
cially for people younger than 55 years and older than 
70 years. The highest quality evidence for benefit from 
PSA screening is for the age group 55 to 69 years at inter- 
vals of 2 years, which is comparative enough to an annual 
test and encouraging in terms of reducing and false- 
positive results (19). 

When a man has a family history of PCa with a first- 
degree relative or is African American, it is advised the 
health care provider counsel these higher risk patients of 
the possible and uncertain benefits and risks relating to 
PSA screening to assist in decision making (20). 

The same guideline cautioned against the use of other 
PSA-related tools such as PSA density, velocity, free PSA, 
and so on, stating a lack of enough evidence of improving 
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the ratio of benefit to harm in screening and advised to use 
these as supplementary tools for patients’ decision mak- 
ing. Importantly, the AUA guideline recommended against 
routine PSA screenings for men aged 70 years or older if 
their estimated life expectancy is less than 10 to 15 years. 
This is based on the evidence showing that benefit for PSA 
screening among this group is lacking with the signifi- 
cantly increased incidence of competing risks of mortality 
in the older patient population (5). 


m CONCLUSIONS 


After two decades of PSA screening, the focus of PSA test- 
ing has shifted from how to determine when to perform 
a prostate biopsy to the best way to inform patients and 
assist them in making an appropriate decision. No perfect 
tool exists; however, several crystallizations of wisdom 
including the use of complementary nomograms, the AUA 
guideline, and the primary recognition of PSA limitations 
move toward fostering the correct usage of PSA screening. 
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E GLEASON SCORING SYSTEM— 
A BRIEF HISTORY 


Donald Gleason developed a histological grading system 
for prostate cancer during the course of prospective clinical 
trials studies carried out by the Veterans Administration 
Cooperative Urological Research Group from 1960 to 1975 
(1-4). Since then, Gleason grading has become a widely 
used and accepted system throughout the world and it still 
remains one of the most important prognostic factors in 
prostate cancer. Gleason and others recognized that the 
morphology of prostate cancer often was heterogeneous 
(~50% of cases) and the heterogeneity could be captured 
by a series of patterns of tumor architecture recognizable 
at relatively low microscopic power. The original nine 
histologic patterns were grouped into five grades, and 
these grades were numbered in order of increasing degrees 
of glandular architectural abnormalities, compared to 
benign prostatic glands. These grades also corresponded 
to increasing biological aggressiveness based on mortal- 
ity data. Unlike many other types of cancers in which 
the worst grade generally determines overall prognosis, 
a unique aspect of these prostate cancer studies was that 
outcomes in patients with two different grades of tumor 
were intermediate between those with pure tumors of 
either of those two grades. 

The rules of traditional Gleason scoring were based on 
the sum of the most abundant pattern and the second most 
abundant pattern. If only a single pattern was present, 
then it would be multiplied by 2 (e.g., all Gleason pattern 
3 results in a Gleason score of 3 + 3 = 6). The inclusion of 
a simple drawing of the histologic patterns group into the 


Screening and Diagnosis 
An Update on the ISUP- 


Modified Gleason Score 
and Its Controversies 


five grades was used as a teaching tool for those seeking to 
learn the system. The Gleason sum and Gleason score are 
used interchangeably. The prognostic value of the grading 
system was validated by a number of other groups using 
separate datasets in studies in the 1970s and 1980s, and 
the system gained increasing adoption over time and today 
it is virtually universally utilized. 


E THE NEED TO UPDATE THE SYSTEM 


The studies in the 1970s and 1980s by Gleason and others 
were performed prior to the era of serum prostate-specific 
antigen (PSA) screening tests for prostate cancer and 
were largely carried out using a small number of thick 
gauge transperineal biopsies of overt palpable lesions in 
men who often had advanced disease with relatively large 
tumor foci, or, to a much lesser degree on prostatectomy 
specimens. In the following years, with the introduc- 
tion of serum PSA testing and development of thin nee- 
dle biopsy techniques (e.g., 18 gauge), pathologists were 
faced with the need to diagnose and grade smaller and 
smaller tumors that were mostly of clinical stage T1C. 
These tumors were generally diagnosed using systematic 
(e.g., sextant) sampling methods that randomly sam- 
pled tumor lesions(5). Further, after the widespread 
introduction of radical prostatectomy in the 1980s, it 
became clear that in the majority of cases, tumors were 
multifocal. Given that the historically used Gleason 
grading system was not developed using nondirected 
18-gauge needle biopsy samples nor with large numbers 
of radical prostatectomies in mind, it became apparent 
that significant modifications were needed. In 2005, the 
International Society of Urological Pathology (ISUP) 
organized a conference to discuss and modify the Gleason 
grading system. 
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m 2005 ISUP CONSENSUS CONFERENCE 
AND SUBSEQUENT MODIFICATIONS 


A consensus report was published by ISUP in 2005 (6), 
and a number of additional studies and reviews have been 
published since then (7-11). In terms of very low-grade 
lesions, many of the cases that were diagnosed in the past 
as Gleason score 2 (1 + 1 = 2) adenocarcinoma would likely 
now be considered benign adenosis, also referred to by 
some authors as atypical adenomatous hyperplasia. This 
is in large part the result of the introduction of basal cell- 
specific immunohistochemical (IHC) markers over the last 
two decades, which show lack of basal cells in adenocarci- 
noma but the presence of basal cells in benign mimickers 
or precursor lesions of adenocarcinoma. Further, tumors 
that are truly very low grade (e.g., <Gleason score 5) are 
mostly present in the transition zone of the prostate, which 
is often not sampled (unless specifically targeted) by stan- 
dard transrectal ultrasound-guided 18-gauge needle biop- 
sies. Thus, it was decided that Gleason scores of <5 should 
almost never be rendered on these biopsies, although it 
is still diagnosed to some degree on incidental tumors 
found by transurethral resection of the prostate (TURP). 
The definitions of Gleason grades 3, 4, and 5 were also 
revised in this consensus. In brief, grade 3 lesions were 
narrowed to remove most (ISUP 2005) and subsequently 
all (ISUP 2010) cribriform patterns including glomeruloid 
glands(7). Grade 3 was redefined as a tumor with discrete 
and individual glands, often infiltrating between benign 
glands, and lesions with “poorly formed” glands were 
reclassified as Gleason grade 4. The descriptions of the 
patterns making up grade 5 stayed essentially unchanged. 

The report also included a guide for scoring specific 
tumor subtypes. For example, ductal adenocarcinoma, 
which reflects a morphological variant of adenocarci- 
noma, should be scored as Gleason score 4 + 4 = 8, and 
small cell carcinoma should not receive a Gleason grade. 
Some other subtypes and morphologic variants of pros- 
tate carcinoma should be assigned based on their mor- 
phology (e.g., foamy gland carcinoma can be either grade 
3 or 4 depending on the glandular architecture) although 
scoring some variants still stands as an unresolved issue 
(e.g., for colloid carcinoma, some experts suggest all 
should be scored as 4 + 4 = 8, whereas others indicate that 
underlying glandular architecture can be used to score 
these as low as 3 + 3 = 6). 


mM ISSUES RELATING SPECIFICALLY TO 
NEEDLE BIOPSIES AND RADICAL 
PROSTATECTOMY SPECIMENS 


The 2005 ISUP consensus meeting also examined the use 
of tertiary Gleason patterns in prostatectomy specimens as 
well as making sure that any high-grade cancer, regardless 
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of percentage, should be included in the Gleason score 
of needle biopsy specimens. The suggestion of indicating 
tertiary pattern in radical prostatectomies came from the 
studies that established that the patients with Gleason 
score 3+ 4 = 7 witha tertiary pattern 5 often show rates of 
disease recurrence that is intermediate between Gleason 
3 + 4 = 7 and Gleason score 8. In addition, for prosta- 
tectomy specimens, if there are clearly separable tumor 
nodules, then each nodule should receive a Gleason score. 
For prognostication, the nodule with the highest overall 
Gleason score should be used by clinicians, rather than 
an overall Gleason score based on the most common and 
second most common pattern in the prostatectomy speci- 
mens. On needle biopsy, if a tumor is composed of 295% 
pattern 4 and <5%Gleason pattern 3, the lower grade 
should be ignored and this tumor should be graded as 
4 +4 = 8. Conversely, if a tumor was >95% Gleason pat- 
tern 3 and <5% Gleason pattern 4 or 5, then the grade 
would be 3 + 4 = 7 and 3 + 5 = 8, respectively, since one 
always includes the highest grade tumor in the Gleason 
score on needle biopsies. On biopsy specimens, if there is 
a third pattern with lower grade than the two others, the 
lower grade should be ignored and the score should be 
given as the sum of the most frequent tumor grade and the 
highest grade. 


E IMPLICATIONS AND RESULTS OF THE 
ISUP-MODIFIED GLEASON GRADING 
SYSTEM 


The primary purpose of a pathology grading system is 
to aid clinicians in stratifying patients into risk groups 
to help with treatment option selections. Although it 
is still too early to fully evaluate whether the modified 
Gleason grading system is superior in predicting prostate 
cancer-specific death, studies that have examined 
correlation with radical prostatectomy findings and 
biochemical recurrence as outcomes have generally 
shown the new system to perform well and when com- 
pared directly to the traditional system, as well or better 
(7, 9-11). 

Although there are a number of implications to 
changes implemented by the ISUP regarding Gleason 
grading, the most important may be that Gleason score 
6 tumors, especially if the tumor is organ confined, are 
now believed to be nearly universally cured by radical 
retropubic prostatectomy (12, 13). In fact, 10- to 15-year 
survival for Gleason score 6 tumors on needle biopsy are 
so high, even without treatment, that some investigators 
have raised the issue of whether to even call it carcinoma 
(14,15). Although an in-depth discussion of this issue is 
beyond the scope of this chapter, and arguments can be 
made both against and for keeping the cancer label (16), it 


CHAPTER 3.2 œ 


should be pointed out that studies indicating that Gleason 
score 6 tumors nearly never progress to metastatic disease 
or death were carried out on patients who were treated 
with surgery (12,13,17). Thus, it is formally possible that 
Gleason score 6 can “progress” or evolve into a higher 
grade tumor, yet there is very little definitive longitudinal 
data to indicate this one way or the other. For example, 
even when there are longitudinal data consisting of serial 
biopsies over time, unless the entire prostate is carefully 
sampled (which it cannot be unless it is removed), it is 
impossible to know whether a higher grade lesion identi- 
fied later in time by longitudinal sampling was actually 
not already present in the original biopsy and simply not 
sampled. 

Molecular evidence is being used to shed some light 
on this. Interestingly, individual tumor nodules that 
are composed of both Gleason patterns 3 and 4 often 
show definitive evidence of clonality between the two 
morphologies, both by TMPRSS2-ERG breakpoint 
analysis (18) and whole-genome sequencing that shows 
other breakpoints in common (18,19). Also, at least in 
a few cases, it appeared that loss of one PTEN allele 
occurred in both the pattern 3 and 4 components, but 
that the pattern 4 component showed loss of the second 
allele, providing support for the concept that Gleason 
score may progress, at least at times (18). Of course, if 
the prostate is not removed, the clinical relevance of 
whether Gleason 6 tumors can progress is muted some- 
what by the fact that de novo higher grade lesions could 
always arise over time. 


E LINGERING PROBLEMS OF THE 
GLEASON GRADING SYSTEM 


A number of problems still remain in which there is 
room for improvement in the Gleason grading system. 
The first problem deals with interobserver reproducibil- 
ity of Gleason grading, as in any system in medicine that 
relies somewhat on subjective assessments (e.g., radiol- 
ogy assessments). The problem stems from the difficulty 
in attempting to take a complex biological process in 
which the pathologist is “forced” to ascribe whole num- 
bers to it in all cases (e.g., pathologists simply have not 
availed themselves of the choice to say that they are not 
certain of the grade), when indeed some cases simply 
defy clear separations in this regard. Although a signifi- 
cant fraction of prostate cancers contain morphological 
features that are relatively straightforward to classify 
by pathologists, there are still a number of cases that 
are more difficult to grade and these cases clearly lead 
to problems of increased interobserver variability, espe- 
cially in small tumor foci. Also, it is quite clear that 
learning this system requires that a pathologist diagnose 
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a large number of cases in the training setting or in a set- 
ting where they can obtain expert feedback. This issue 
of interobserver variation has been a problem for a long 
time, and there is emerging evidence that the adoption 
of the modified ISUP 2005 system has improved the situ- 
ation (8,9). 

Another problem, which is as much a problem in 
tissue sampling as it is in pathologist error or lack of 
reproducibility, is the number of cases in which the 
biopsy Gleason score is different than the score rendered 
at radical prostatectomy. A clinical scenario in which 
this can be problematic is in apparent undergrading 
of the biopsy, where a man is found to have Gleason 
3 + 3 = 6 tumor on biopsy but is found to have a higher 
grade tumor on radical prostatectomy, which occurs 
in approximately 25% to 35% of cases (20-22). This 
is a major problem in potential undertreatment because 
many programs in which men are offered active sur- 
veillance only encourage patients to enroll if they have 
Gleason 6 cancers or less, with the concern that lesions 
consisting of Gleason score 7 or higher could be life 
threatening (23). Although some active surveillance pro- 
grams are now suggesting that select men with apparent 
low-volume Gleason 3 + 4 = 7 cancer should also be 
considered candidates for active surveillance (15), and 
this will render this question of limited Gleason 3 + 3 = 6 
versus 3 + 4 = 7 on biopsy less of an issue. Some patients 
with 3 + 3 = 6 tumors on biopsy are upgraded to 
Gleason 4 + 3 = 7 at or higher radical prostatectomy. 
Although relatively rare, it is hoped that these relatively 
extreme types of cases could become even more rare if 
magnetic resonance imaging/ultrasound-fusion-guided 
needle biopsy is further validated and made widely avail- 
able (24). In most, albeit not all, studies that have com- 
pared the concordance between needle biopsy Gleason 
score and radical prostatectomy Gleason score, there 
does seem to be improvement when using the new modi- 
fied system (7,8, 10). 

Another problematic area, that was inevitably 
created by developing and implementing the modi- 
fied ISUP grading system, is that it has now become 
difficult to directly compare older studies using the 
traditional system with newer studies using the modi- 
fied system (16). For example, a number of studies have 
shown that by regrading cases, the percentage of tumors 
that contain pattern 4 has increased and the percentage 
that contains pattern 3 decreased (8). Thus, in compar- 
ing newer studies with older studies, these changes in 
grading may artificially indicate that patients with both 
Gleason 6 and 7 tumors have improved outcomes (the 
Will Rogers effect). Nevertheless, this was inevitable 
and should not deter pathologists from adopting the 
newer system as there was broad consensus on most of 
the proposed changes by a large international group of 
prostate pathology experts. 
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E IS IT TIME FOR A MODIFIED 
GROUPING OF GLEASON SCORES 
FOR PROGNOSTIC STUDIES? 


Recently, Pierorazio et al.(25) examined a large number 
of consecutive prostatectomy specimens and found that 
using the modified Gleason grading system in a mod- 
ern series of patients, that grouping patients into the 
following prognostic categories provided excellent patient 
stratification when biochemical recurrence was used as 
the outcome measure: Gleason score <6 (prognostic grade 
group I); Gleason score 3 + 4 = 7 (prognostic grade group 
II); Gleason score 4 + 3 = 7 (prognostic grade group ITI); 
Gleason score 4 + 4 = 8 (prognostic grade group IV); 
and Gleason score 9 to 10 (prognostic grade group V). 
The authors indicated that the major reasons for this 
approach were the following: (1) although Gleason score 
6 is now the lowest score rendered by most pathologists, 
it appears to patients that they have a 6 of 10, which 
instills undue fear since these tumors have an excellent 
prognosis overall; (2) a number of studies have shown 
the clear difference in outcome between Gleason score 
3+4=7and4+3=7 tumors, justifying their separation 
into the new categories; and(3) Gleason score 8 tumors 
tend to behave significantly better than those of score 
9 to 10. Of course, additional time will tell whether the 
combination of the modified Gleason scoring system and 
these newly proposed prognostic groupings will provide 
powerful prediction for prostate cancer-specific death. 


m CONCLUSIONS 


The Gleason scoring system has been used to vary- 
ing extents since the mid to late 1970s and it has been 
shown by hundreds (if not thousands) of studies that 
the Gleason score is a robust biomarker for predicting 
prostate cancer outcomes and thus guiding therapeutic 
choices. Although there are still some controversial issues 
regarding various aspects of its implementation, the 2005 
(and updated 2010) modified Gleason grading system 
adopted by ISUP is a widely used and valuable tool. The 
revised system continues to employ the basic concepts 
introduced by Gleason—that is, that prostate cancers 
are heterogeneous and that different architectural pat- 
terns of glandular growth, identified at low microscopic 
power, are associated with varying degrees of malignant 
potential. Further, capturing these patterns in a Gleason 
score provides extremely useful information to clinicians. 
Future studies will certainly provide additional informa- 
tion to support or refute its continued use, and it is clear 
that emerging molecular discoveries will certainly add 
value as they lead to new prognostic and predictive bio- 
markers. The question will be whether these advances 
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in understanding the underlying biological mechanisms 
and/or biomarker development and implementation will 
supplant or supplement this powerful, inexpensive, and 
simple morphology-based tool. 
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E INTRODUCTION 


Prostate cancer (PCa) remains the most common solid 
organ cancer detected in American men, as well as the 
second most common cause of cancer-related deaths (1). 
However, PCa represents a broad spectrum of diseases 
ranging from indolent to highly aggressive. In the era of 
screening with prostate-specific antigen (PSA), many men 
now present with disease that previously may not have 
been detected. This presents a diagnostic and therapeutic 
dilemma for clinicians. Lethal disease must now be distin- 
guished from nonlethal disease, yet little consensus exists 
as to precisely how this should be done (2). Although a 
variety of biomarkers have been proposed, advances in 
imaging play an increasingly important role in this discus- 
sion. This is especially true for the evaluation of distant 
disease, where nuclear imaging has the potential to have 
the greatest impact. The role of these modalities is set to 
increase as we move into the post-PSA era. The purpose of 
this chapter is to review the current status of nuclear imag- 
ing in the evaluation of distant PCa disease. 

Nuclear imaging involves the injection of a small 
amount of radioactive material, known as a “radiophar- 
maceutical,” into the patient. The distribution of this 
material within the body is then detected by specialized 
imaging cameras, thus allowing for noninvasive quantita- 
tive and qualitative assessment of the extent of disease. 
Radiopharmaceuticals labeled with positron-emitting 
radionuclides are specifically detected by positron emis- 
sion tomography (PET) cameras that are often com- 
bined with x-ray computed tomography (PET/CT). The 
relatively better resolution and quantitative capabilities 
make PET a desirable molecular imaging modality. PET 
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should be distinguished from the other major category of 
radionuclide imaging, single-photon emission computed 
tomography (SPECT), in which gamma-ray-emitting 
radionuclides are coupled to targeting agents. SPECT 
cameras, which can also be combined with CT, however, 
have inferior resolution and sensitivity compared to PET. 
The clinical relevance of either approach lies in the abil- 
ity to conjugate positron or single-photon radionuclides 
to biologically significant molecules with high affinities 
for their targets, thereby enabling the noninvasive detec- 
tion of specific markers associated with cancers. Because 
neoplastic growth typically relies on abnormal upregula- 
tion of many cellular processes, PET and SPECT tracers 
specific to these molecular signatures have emerged as 
important tools in the evaluation of both localized and 
metastatic cancer. 

From the perspective of PCa diagnosis, extensive 
research has recently focused on the development of novel 
PET tracers, each with its own set of strengths and weak- 
nesses. This work has been motivated in large part by the 
limitations of previous techniques that have been used for 
imaging distant disease. These include CT, mag- 
netic resonance imaging (MRI), and technetium-99m 
(???™Tc)-labeled bone scintigraphy, the last of which is the 
current standard of care for detecting bone metastases in 
PCa.In2000, Bubendorfetal.conductedanautopsy study of 
1,589 patients with PCa(3). The authors showed that as 
many as 90% of patients with metastatic PCa had bone 
involvement. Other common sites included the lung, 
liver, pleura, and adrenals, in descending order of fre- 
quency. However, none of the three modalities currently 
used for PCa imaging is both sensitive and specific for 
PCa metastases in all of these sites. MRI offers the best 
three-dimensional anatomic imaging of localized PCa 
and also has excellent soft-tissue resolution. The utility 
of MRI has further increased with the use of higher field 
strength magnets, endorectal coils, and multiparametric 
MRI (MP-MRI). However, these advances pertain largely 
to localized PCa(4,5). For metastatic PCa, MRI contin- 
ues to provide superior soft-tissue resolution, but suffers 
from low sensitivity for nodal metastases because it relies 
strictly on size criteria (e.g., only nodes >1 cm in diameter 
are considered positive) (6). Moreover, although promising 
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improvements have been made, whole-body MRI scans 
are still mostly performed in research centers, and thus, 
coverage with MRI remains problematic. CT effectively 
detects bone and visceral metastases, but it is relatively 
insensitive for early disease in these sites and has a simi- 
larly low sensitivity for early intranodal disease. °?™Tc- 
labelled bone scintigraphy, which is typically performed 
as a planar projection scan but can be obtained with a 
SPECT camera, has become the standard for detecting 
bone metastases due to its high sensitivity for osteoblas- 
tic lesions characteristic of metastatic PCa(7). However, 
bone scans have poor specificity in distinguishing metas- 
tases from traumatic or degenerative disease, and false 
positives are commonly encountered with benign condi- 
tions that have a high prevalence in patients with PCa, 
such as degenerative joint disease. 

For all of these reasons, research has continued 
to focus on novel PET-based nuclear imaging modali- 
ties for distant PCa. These include PET tracers such as 
18F-fluorodeoxyglucose (F-FDG), !8F-sodium fluoride, 
18F-choline and !"!C-choline, ''C-acetate, the amino acid 
targets L-methyl-"'C-methionine (!'C-methionine) and 
anti-1-amino-3-(18)F-fluorocyclobutane-1-carboxylic 
acid ('$F-FACBC), 168-18F-fluoro-5 a@-dihydrotestosterone 
(!8F-FDHT), as wellasmoleculestargeting prostate-specific 
membrane antigen (PSMA) such as °F-DCFBC and those 
targeting the human epidermal growth factor receptor-2 
(Her2). 


E '8F-FDG 


To fuel their rapid growth, neoplastic cells typically over- 
express proteins that are essential for glycolysis. This 
includes GLUT-1, a cell membrane glucose transporter, 
and hexokinase, an intracellular enzyme. 'F-FDG is a 
fluorine-labeled glucose analog that is taken up in cells 
utilizing aerobic glycolysis for their energy needs. After 
uptake into the cell via GLUT-1, FDG is phosphorylated 
by hexokinase to yield FDG-6-phosphate. This molecule, 
however, does not undergo further metabolism and instead 
accumulates intracellularly. Those sites with an unusually 
high accumulation of '*F-FDG—and thus unusually high 
rates of glycolysis—are suspicious for cancer. Although 
18F-FDG has been widely employed in the imaging of 
numerous cancers, it suffers from three important limita- 
tions in the imaging of PCa. First, unlike other cancers, 
many PCa lesions have been found to have low rates of 
glucose metabolism, expressing few GLUT-1 binding 
sites (8,9). This is particularly problematic for low-grade, 
slow-growing PCa, which may be even more difficult to 
detect. Second, common conditions such as benign pros- 
tatic hyperplasia (BPH) and prostatitis are also charac- 
terized by increased rates of glycolysis, thereby lowering 
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the specificity of '8F-FDG for neoplastic growth (10, 11). 
Third, ‘F-FDG undergoes urinary excretion, causing 
significant interference with imaging of tissue adjacent 
to the bladder, including the prostate and surrounding 
tissues (12). Collectively, these obstacles limit the utility 
of '8F-FDG in the setting of PCa(13). However, recent 
research has suggested possible new roles for this tracer in 
advanced disease. In 2013, Jadvar et al. demonstrated that 
18F-FDG PET/CT provides important additional prognos- 
tic information in overall survival for men with advanced 
castrate-resistant metastatic PCa (14). Further research is 
necessary to determine whether these or other findings 
will change the role of '8F-FDG in the imaging of meta- 
static PCa. 


E '8F-SODIUM FLUORIDE 


Despite its wide adoption, ?°™Tc-bone scintigraphy suffers 
nonspecificity and difficulties in quantitation. For this 
reason, there is renewed interest in '*F-sodium fluoride 
('8F-NaF), an alternative PET-based technique that can 
detect bone metastases with higher sensitivity than con- 
ventional bones scans (Figure 3.3.1). In one study, !8F-NaF 
PET/CT was compared with 'F-fluorocholine PET/ 
CT (15). The two tracers were found to have similar sen- 
sitivities for bone metastases, although the authors noted 
that '8F-NaF may be negative in sclerotic lesions that are 
especially dense. More compelling evidence in favor of 
widespread use of '8F-NaF was offered in a recent pro- 
spective clinical study by Damle et al. (16). In that study, 
'8F-NaF PET/CT was directly compared to !F-FDG 
PET/CT and °’"Tc-bone scintigraphy for the detection of 
metastatic lesions in 72 patients with infiltrating ductal 
breast cancer, 49 patients with PCa, and 30 patients with 
lung carcinoma. Not only was the sensitivity and nega- 
tive predictive value of !8F-NaF PET/CT 100% for lesions 
associated with all three malignancies, but in patients 
with PCa, '8F-NaF outperformed *™Tc-bone scintigraphy 
in specificity and positive predictive value as well (16). 
In another prospective study, Jadvar et al. compared 
18F-NaF with "F-FDG PET/CT in detecting occult meta- 
static disease after biochemical recurrence (17). In this 
study as well, !8F-NaF proved to be the more useful tracer. 


m CHOLINE: '*F-CHOLINE AND 
NC-CHOLINE 


Choline kinase is an intracellular enzyme that is involved 
in lipid metabolism and transport, a process that is upreg- 
ulated in PCa and other cancers to facilitate the rapid syn- 
thesis of cell membranes. This process can be targeted in a 
manner similar to that used with !8F- FDG. Choline is taken 
up by PCa cells and converted to phosphorylcholine, which 
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(D) 


(C) 


FIGURE 3.3.1 A 54-year-old man with prostate cancer. The axial CT image (A) demonstrates diffuse osteoblastic lesions in the pelvic bone, and 
the axial PET (B), axial fused PET/CT (C), and coronal (D) maximum intensity projection PET images (obtained at 1 hour after injection of 18F-NaF) 
show increased tracer uptake in osteoblastic lesions, which is consistent with metastatic disease. 
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accumulates intracellularly. Theoretically, even those PCa 
cells that have low rates of glycolysis must still synthesize 
cell membranes, allowing for visualization with choline- 
labeled tracers. The two most common PET radiolabels 
are 'C and !8F, generating 'C-choline and '%F-choline, 
respectively. The advantage of using “C-choline is that it 
is chemically identical to natural choline. ''C-choline PET 
demonstrates a sensitivity for primary and metastatic PCa 
ranging from 66% to 100%, with the highest sensitivity 
in those patients with elevated PSA (18-20). However, sig- 
nificant problems exist as well. First, the half-life of "C is 
only 20 minutes, thereby presenting the need for an on-site 
cyclotron. Second, choline is also taken up in benign pros- 
tatic tissue, especially in the setting of BPH (21, 22). Third, 
'C-choline is not sensitive to early recurrent disease (PSA 
< 1.0 ng/mL following prostatectomy), but progressively 
increases in sensitivity as PSA rises. Although Mamede 
et al. demonstrated that '!C-choline was able to detect some 
instances of recurrent PCa, even in those patients with 
PSA values below 0.5 ng/mL, the PSA must usually be 
higher for reliable PCa detection (23). Nonetheless, choline 
uptake has not been found to correlate with tumor grade, 
PSA, Gleason score, tumor volume, or certain markers of 
cellular proliferation (24,25). Notwithstanding these limi- 
tations, recent research has pointed to new potential uses 
for choline tracers in PCa. In one study, 'C-choline PET/ 
MR-—as opposed to the more common !|'C-choline PET/ 
CT—produced superior image quality, particularly in the 
pelvis (26). This suggests that future, prospective studies 
utilizing PET/MR may combine the sensitivity of MRI 
with the specificity of 'C-choline PET to make an ideal 
PCa imaging method. 

To address the short half-life of 11C, '8F-choline has 
also been investigated. Since '*F has a half-life of 110 minutes, 
it can be produced off site and transported to medical 
facilities for imaging. This opens up more opportunity for 
its use. '8F-choline has been extensively investigated out- 
side of the United States and has shown comparable effi- 
cacy to 'C-choline. Unlike !!C-choline, which is excreted 
largely via the pancreas, there is more renal excretion with 
18F-choline and hence, more interfering bladder activity. 
However, 'F-choline has proven useful for the identifica- 
tion of recurrent disease in patients with rising PSA after 
definitive treatment as well as for identifying soft-tissue 
and bony metastases. !8F-choline is in routine use in some 
hospitals in Europe and Australia but, to date, it has not 
been used extensively in the United States. 


mM ACETATE: ''C-ACETATE 


After uptake into the cell, acetate is converted to acetyl 
CoA, a substrate for the tricarboxylic acid cycle. This 
eventually leads to the incorporation of acetate into the 
cell membrane, thus making it mechanistically similar to 
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choline as a potential PCa tracer. The tracer, '!'C-acetate, 
is chemically identical to the natural compound. Like 
C-choline, ''C-acetate is able to detect recurrent disease 
with rising PSA with similar sensitivity and specificity, 
and thus, there is no distinct advantage to either of the 
two labeled substrates. Existing studies are limited in size 
and have produced a broad range of sensitivities (27, 28). 
In addition, 'C-acetate is excreted by the pancreas, so 
that there is little to no activity in the bladder to interfere 
with imaging in the pelvis(27). However, !'C-acetate is 
not without its own limitations. First, as with !'C-choline, 
the short half-life of !!C raises the same barriers to its 
practical implementation. Second, normal and age-related 
changes in the prostate, such as BPH, cause '!C-acetate 
uptake that is similar to that seen in PCa(29). This means 
that ''C-acetate PET images must be interpreted with 
particular caution. Finally, as with 'C-choline, studies 
have shown no correlation between 'C-acetate uptake 
and Gleason score, PSA, or markers of tumor aggres- 
siveness (30, 31). Despite this, the most recent studies of 
"C-actetate have shown promise in the setting of recur- 
rent or metastatic disease. A 2013 meta-analysis of 
23 studies by Mohsen et al. demonstrated a pooled sensi- 
tivity of 75.1% and specificity of 75.8% for primary and 
recurrent PCa using !!C-acetate PET (32). Although the 
sensitivity dropped to 64% for recurrent cases, the speci- 
ficity rose to 93%. The authors concluded that !!C-acetate 
may provide important utility in this specific subset of 
patients. In another recent study, Yoshii et al. showed that 
'C-acetate may play a central role in predicting outcomes 
after PCa therapy with novel inhibitors of fatty acid syn- 
thase (33). Additional studies are necessary to explore all 
these directions. 


E AMINO ACIDS: "'C-METHIONINE AND 
18F-FACBC 


The majority of research into PET tracers for PCa has 
focused on glucose and fatty acid metabolism. However, 
a similar line of work has recently begun with molecules 
that target amino acid and protein metabolism. One exam- 
ple of this is ''C-methionine, a tracer that is believed to 
accumulate in a variety of tumors in proportion to amino 
acid utilization (34). In an initial study of 348 lesions in 
12 patients, Nuñez et al. found that ''C-methionine PET 
had a sensitivity of 72.1%, compared with just 48% for 
18F-FDG PET (35). Further prospective studies are neces- 
sary to corroborate these findings. All the limitations of 
the short-lived !!C radionuclide apply to this compound. 
More recently, a second tracer has been described, which 
also targets the amino acid metabolic pathway. !8F-FACBC 
is a radiolabeled synthetic leucine analog that is taken up 
by PCa cells through a mechanism that remains poorly 
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understood, but likely involves uptake by the amino acid 
transport mechanism. An initial report showed a sensitiv- 
ity of 81.3% and specificity of 50%, although there was 
insufficient resolution to localize tumors to specific pros- 
tatic sextants (36). Subsequent work has reported both 
higher sensitivity and specificity for !8F-FACBC in detect- 
ing recurrent PCa(37). A separate group also recently 
found '8F-FACBC to be superior to !!C-choline in iden- 
tifying recurrent PCa, although this study was small and 
larger studies will be needed to establish this tracer as a 
part of the standard of care (38). 


E '8F-FDHT 


Androgen deprivation (AD) is an important tool in the 
treatment of patients with metastatic disease. However, 
this treatment is palliative, with all patients eventually 
progressing to a stage of androgen-independent PCa that 
is refractory to continued AD therapy (39). For this reason, 
there is an especially great need to develop and validate a 
noninvasive method for monitoring treatment response. 
To a certain extent, this has been accomplished with 
'8F-FDHT, an androgen analog tracer. Dihydrotestosterone 
(DHT) binds with high affinity to the androgen receptor 
(AR) located in the cytoplasm, which then moves to the 
nucleus where it acts as a transcription factor that upregu- 
lates a number of pro-growth genes. '*F-FDHT PET scans 
provide insight into those lesions that have active uptake 
for FDHT. Interestingly, not all lesions are FDHT posi- 
tive, as some have already become independent of AR 
or have a mutated AR, and these lesions would not be 
expected to respond to AR treatments. An early report 
demonstrated a sensitivity of 57 of 59 lesions (97%) in 
7 patients with progressive, metastatic PCa(40). A sub- 
sequent study of 20 patients showed similarly promising 
results, although there remains a paucity of research in 
support of this tracer since its development has so far been 
confined to a single institution (41). '"F-FDHT has proven 
its use in the development of alternative inhibitors of the 
AR axis and is likely going to be important in the devel- 
opment of next-generation treatment that inhibit the AR. 
Significantly more work must be done, however, before 
'8F-FDHT is adopted on a wide scale. 


E PROSTATE-SPECIFIC MEMBRANE 
ANTIGEN-TARGETED PET AGENTS 


PSMA is a transmembrane protein expressed in prostatic 
epithelial cells. Not only is it highly expressed by virtually 
all PCa but studies have also shown its expression to cor- 
relate with tumor aggressiveness, androgen independence, 
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metastatic disease, and disease recurrence (42). Despite 
these correlations, the actual role of PSMA in tumor 
growth is not known and inhibition of PSMA does not 
seem to affect survival. Nevertheless, because of its ubiq- 
uitous presence in PCa, it is an appealing target for imag- 
ing with PET. A number of PSMA-targeted tracers have 
been developed. Since PSMA is a transmembrane protein, 
it is possible to target either the internal or the external 
domain. The first PSMA-based imaging agent, !""In cap- 
romab pendetide (tradename Prostascint), inadvertently 
targeted the antibody to the internal domain, limiting its 
utility, even though it was clinically approved and remains 
available today. Next-generation anti-PSMA targeting 
agents focused on the external domain of the receptor. 
Both monoclonal antibodies and low-molecular-weight 
radiopharmaceutical-based agents have been developed 
and demonstrate high uptake in PSMA-positive tumors 
(43, 44). A urea-based small molecule PET probe for 
PSMA, '8F-DCFBC, has shown particular promise in 
identifying recurrent PCa. Unlike monoclonal antibody- 
based imaging, which must be performed over several 
days, scanning with '"F-DCFBC can be performed within 
hours of injection. Unlike choline and acetate-based scans 
that are inherently nonspecific, PSMA is also a target 
for directing therapeutics to PCa. This not only includes 
targeted drugs and toxins but also includes therapeutic 
radioisotopes. Thus, PSM A-based imaging agents are use- 
ful not only for diagnostic purposes but also for directing 
future targeted therapy. In addition, PSMA-based imaging 
may provide unique biologic information about the tumor. 
In one study, Liu et al. demonstrated that prolonged AD in 
an in vitro model downregulated PSMA expression and, 
therefore, might be an indicator of successful androgen 
ablation and resistance (45). In addition to 'F-labeled 
PSMA imaging agents, PSMA targeting ligands have 
been labeled with ‘8Ga (46) and '31(47). Large prospec- 
tive studies in humans are necessary, although PSMA is 
quickly emerging as a promising new target for nuclear 
imaging with PET. 


E HER2 


Her2 is a member of the epidermal growth factor receptor 
family of receptor tyrosine kinases. It has been studied 
extensively in a wide array of cancers—particularly breast 
cancer—where it plays a large role in cell growth, differ- 
entiation, and migration. It is not expressed in significant 
quantities by normal cells but can be overexpressed in 
cancer. This overexpression portends a bad prognosis but 
also opens the opportunity for targeted inhibition by 
blocking the receptor, thus making Her2 a desirable target 
for PET imaging in PCa (48). Early preclinical work has 
confirmed the feasibility of this approach in other cancers 
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with a Her2-binding A ffibody labeled with '*F, both before 
and after therapy (49, 50). Recent attention has turned to 
replicating these findings in PCa. In one study, Wang et al. 
radiolabeled Herceptin, a humanized anti-Her2 monoclo- 
nal antibody, with '**Re. Treatment with Herceptin inhib- 
ited PCa growth, suggesting that Her2-based PET tracers 
may play an important future role in the imaging and 
treatment of PCa(51). In a small clinical study, Carlsson 
et al. demonstrated that Her2 was overexpressed in the 
lymph nodes that had become sites of metastatic PCa (52). 
As with the other recent developments in PET imaging of 
PCa, further research is necessary to elucidate the signifi- 
cance of Her2-labeled tracers. 


m CONCLUSION 


As our understanding of cancer biology has grown, so too 
has the need for imaging modalities that can be applied to 
a variety of clinical situations. One especially challenging 
area has been the evaluation of distant disease. We have 
reviewed a series of promising new PET-based imaging 
agents that are designed to detect and characterize PCa 
lesions throughout the body. This field is still young, and 
in nearly all cases, more data are needed to clarify exactly 
how these modalities should be used and how they com- 
pare with each other. This will be a daunting task, but a 
worthwhile one. As both the technology behind nuclear 
imaging and our own understanding of PCa continue to 
improve, we will become even better positioned to treat 
the millions of patients diagnosed with this deadly disease. 
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E INTRODUCTION 


A few key diagnostic modalities are employed in current 
practice to stage and risk stratify patients with prostate 
cancer prior to treatment. The information obtained from 
digital rectal examination, prostate-specific antigen (PSA), 
Gleason score, and imaging studies (computerized tomog- 
raphy [CT] scan and radionuclide bone scan), when indi- 
cated, forms the groundwork upon which clinical staging 
systems and more complex prognostic nomograms and/ 
or treatment algorithms are built. The clinician’s ability 
to estimate disease severity, communicate prognosis to 
the patient, and recommend a specific treatment course 
rests in the accuracy of the staging methodology. Over 
the course of the last 25 years of PSA screening, the goals 
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Current Approaches to 
Prostate Cancer Staging and 
Risk Stratification: In the 
Midst of a Paradigm Shift 


of staging have changed. Early on in the PSA era, when 
the incidence of organ confined disease was low, the goal 
was to accurately detect men with nonmetastatic disease 
at diagnosis who would benefit from local therapy such as 
radical prostatectomy or external beam radiation. The cur- 
rent clinical staging methodologies have substantially real- 
ized this goal. Because of the marked stage migration that 
has occurred with widespread screening, which has led to 
overdetection of nonlethal tumors, the present challenge is 
to more accurately identify patients with indolent disease 
who can safely avoid initial treatment without compromis- 
ing ultimate curability. This has catalyzed a shift to a stag- 
ing paradigm based on tools that evaluate individual tumor 
biology. Therefore, to comprehensively assess prostate can- 
cer patients, the clinician must wield an understanding of 
the elements that comprise clinical staging methodology, in 
addition to the evolving state of the biologically based cri- 
teria for staging and risk stratification. For reference, the 
anatomy of the prostate in relation to nearby vessels and 
lymph node regions is illustrated in Figure 4.1 


FIGURE 4.1 This figure demonstrates the anat- 
omy of blood vessels (and their neighboring lymph 
node regions) relative to the prostate. The viewpoint 
is oriented in the antero-posterior axis, in a line from 
the umbilicus to the rectum. 
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m CLINICAL STAGING FOR INITIAL 
DIAGNOSIS AND TREATMENT 


AJCC—TNM 


One of the most widely recognized clinicopathologic 
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National Comprehensive Cancer 
Network Guidelines 


The current National Comprehensive Cancer Network 
(NCCN) prostate cancer guidelines combine prognostic 
groups based on the original D’Amico analysis with the 


staging systems is based on the tumor-node-metastases 
(TNM) classification (Figure 4.2) of the American Joint 
Committee on Cancer (AJCC). The foundation for this 
system has historically been, and still remains, anatomic 
extent of disease. The seventh edition (2010) was updated 
to include Gleason score and preoperative PSA in the 
definition of prognostic groups. These changes referenced 


addition of a very low-risk group that incorporates the 
Epstein criteria and a very high-risk group classified as 
stage T3b or T4 disease (Figure 4.3). Specific treatment 


studies where Gleason score was the single most important Very low Tic, PSA < 10, Gl 6, < 3 cores and no 
predictor of prostate cancer-specific mortality and a pre- core 250%, PSAD < 0.15 
treatment PSA > 20 ng/mL was associated with a greater 

risk of death from prostate cancer (1, 2). In the current Low Jes PSA < 10, CIG 

system, there are four prognostic subgroups (I-IV) that Intermediate T2b-T2c or GI 7 or PSA 10-20 
allow prediction of statistically significant different rates , 

of disease-specific survival at 5, 10, and 15 years. It should High T3a or Gl 8-10 or PSA > 20 

be noted that surgical margin status at prostatectomy, Very high Tape 


while an important prognostic factor, is not technically 


included in this staging system (3-5). FIGURE 4.3 NCCN risk groups. 


Primary Tumor Clinical Stages Only (T) 


Tumor incidental histologic finding in 5% or less of 
tissue resected 

Tumor incidental histologic finding 

Tumor identified by needle biopsy (for example, because 
of elevated) 


Primary tumor cannot be assessed 

No evidence of primary tumor 

Clinically inapparent tumor neither palpable nor visible 
by imaging 


Primary Tumor Clinical Stages (T) Primary Tumor Pathologic Stages (T) 


pI2 Organ confined disease 

pI2a Unilateral, one-half of one side or less 

pI2b Unilateral, involving more than one-half of side, but not 
bilateral 

pT2c Bilateral disease 

pI3 Extraprostatic extension 

pI3a Extraprostatic extension or microscopic invasion of 
bladder neck 

pT3b Seminal vesicle invasion 

pt4 Invasion or rectum, levators, and/or pelvic wall 

Pathologic Lymph Nodes (N) 

pNx Regional nodes not sampled 

pNO No positive regional nodes 

pN1 Regional lymph node metastasis 


Tumor confined within prostate 
Tumor involves one-half of one lobe or less 
Tumor involves more than one-half of one lobe but not 
both lobes 
Tumor involves both lobes 
Tumor extends through the prostate capsule 
Extracapsular extension (unilateral or bilateral) 
Tumor invades seminal vesicle(s) 
Tumor is fixed or invades adjacent structures other than 
seminal vesicles 

Clinical Lymph Nodes (N) 
Regional lymph nodes not assessed 
No regional lymph node metastasis 
Regional lymph node metastasis 


Distant Metastasis (M) 


No distant metastasis 
Distant metastasis 
Nonregional lymph node(s) 
Bone metastasis 
Other site(s) with or without bone disease 


FIGURE 4.2 AJCC-TNM prostate cancer. 
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algorithms accompany each of the risk-stratified sub- 
groups. Of particular contemporary interest are the rec- 
ommendations for active surveillance. According to the 
guidelines, patients eligible for active surveillance are 
those in the very low-risk group with a life expectancy 
less than 20 years or those in the low-risk group with a life 
expectancy less than 10 years as calculated using the Social 
Security Administration tables. This difference in recom- 
mendation based on life expectancy is in part due to data 
that show patients with low-risk disease versus very low- 
risk disease have a relative risk of 1.89 (95% confidence 
interval [CI] 1.21-2.95) for Gleason score upgrade and 
2.06 (95% CI 1.19-3.57) for nonorgan-confined cancer 
(6, 7). These guidelines generically suggest treatment for 
patients on active surveillance that develop progressive 
disease, noting that specific criteria for progression have 
not been definitively outlined, but that a change in risk 
group is a reasonable surrogate marker of progression. 


Kattan Nomograms 


The initial Kattan nomogram added evidence-based 
objectivity to the clinician’s ability to predict probability 
of organ-confined disease based on the input of pretreat- 
ment PSA, biopsy tumor grade, and clinical stage (8). This 
allowed more accurate risk stratification of patients in the 
PSA era. This prognostic tool was further elaborated with 
development of nomograms for pretreatment prediction of 
the probability of remaining free from biochemical recur- 
rence following prostatectomy, external beam radiotherapy, 
or brachytherapy for localized prostate cancer defined as 
clinical stage T1 to T3a (9-11). This nomogram has been 
updated and validated to be useful in predicting indolent 
disease in patients with clinically localized, stage T1c or T2a 
and biopsy Gleason score 6 prostate cancer (12). Iremashvili 
et al. demonstrated that the Kattan nomogram was well cali- 
brated to estimate probability of clinically insignificant can- 
cer in a contemporary prostatectomy cohort of 370 patients 
with biopsy Gleason 6 prostate cancer, outperforming many 
other available nomograms (Figure 4.4) (13). In addition to 
the nomograms included in this study, there are a variety of 
other contemporary nomograms that take into account sim- 
ilar variables in both pre- and posttreatment scenarios that 
have been validated in different patient cohorts (10, 14-18). 


D'Amico Risk Stratification 


To further refine the prognostic precision of dis- 
ease staging prior to treatment, D’Amico stratified 
patients with prostate cancer into three separate risk 
groups: low-risk (clinical stage T1 to 2a, PSA < 10 ng/ 
mL, and Gleason score <6), intermediate-risk (stage 
T2b, PSA > 10 but <20 ng/mL or Gleason score 7), 
or high-risk disease (stage T2c, PSA > 20 ng/mL 
or Gleason score 8-10). A significant association with 
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FIGURE 4.4 Comparative performance of nomograms. 

Source: From Ref. (13). Iremashvili V, Soloway MS, Pelaez L, Rosenberg 
DL, Manoharan M. Comparative validation of nomograms predicting 
clinically insignificant prostate cancer. Urology. 2013;81(6):1202-1208. 
Reprinted with permission from Elsevier. 


absence of disease at 10 years after radical prostatectomy 
was demonstrated: 83% for low-risk, 46% for intermedi- 
ate-risk, and 29% for high-risk disease (19). The American 
Urological Association uses a similar schema to define 
low-, intermediate-, and high-risk groups. 


Epstein Criteria 


The aim of the Epstein criteria is to predict pathologically 
insignificant prostate cancer based mainly on needle 
biopsy, although it does take PSA into account. According 
to the criteria, insignificant prostate cancer is identified 
by clinical stage T1c, biopsy Gleason score less than or 
equal to 6, fewer than 3 positive biopsy cores, less than or 
equal to 50% prostate cancer involvement in any core, and 
PSA density less than 0.15 ng/mL/g (20). Although these 
criteria form the basis for the low-risk groups that some 
algorithms recommend for active surveillance, they neither 
have been specifically studied directly in the context of an 
active surveillance cohort nor have the Epstein criteria been 
validated with long-term follow-up as a good surrogate 
for low risk of prostate cancer-related death. In addition, 
studies have shown that as many as 8% of cancers that 
qualified as being insignificant using the Epstein criteria 
were not organ confined based on postsurgical pathology 
(21, 22). In another study, radical prostatectomy cases that 
met Epstein criteria preoperatively were more likely to have 
insignificant disease by either the classical (organ-confined, 
Gleason score <6, and tumor volume <0.5 cm?) or more 
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liberal definition (organ confined, Gleason <6, tumor of 
any volume) of insignificant disease and more likely to 
have organ-confined tumors. The sensitivity, specificity, 
positive predictive value (PPV), and negative predictive 
value (NPV) varied widely among the end points, with sen- 
sitivity (74%) and NPV (86%) best for the classical defini- 
tion of insignificant disease and specificity (74%) and PPV 
(92%) best for organ-confined disease. The authors con- 
cluded that the Epstein criteria predict for a high likelihood 
of organ-confined disease and the absence of biochemical 
failure up to 5 years after radical prostatectomy, but that 
the criteria are insufficiently robust to predict the presence 
of biologically insignificant disease (23). 


Cancer of the Prostate Risk Assessment Score 


Recognizing that there can be a range of prognoses and 
outcomes even within the specific risk subgroups of stag- 
ing tools/guidelines already described, the Cancer of the 
Prostate Risk Assessment (CAPRA) score represents an 
attempt to provide a more discriminatory assessment 
of disease risk and prognosis. It was developed using 
data from the Cancer of the Prostate Strategic Urologic 
Research Endeavor registry. The score ranges from 0 to 
10 and includes input from five clinical variables (PSA, 
Gleason score, clinical stage, % of positive biopsy cores, 
and age), which are similar to the variables included in 
the Kattan nomograms (Figure 4.5). It has been indepen- 
dently validated in a large German cohort as accurate in 
predicting recurrence-free survival after radical prostatec- 
tomy as well as specific pathologic outcomes (24, 25). 


The CAPRA Scoring System* 


Variable Level Points 
PSA (ng/ml1.) 2.0-6.0 0 
6.1-10.0 1 
10.1-20 2 
20.1-30 3 
>30 4 
Biopsy Gleason score 1-3/1-3 0 
(primary/secondary grade) 1-3/4-5 1 
4-5/1-5 3 
Clinical T-stage T1/T2 0 
T3a 1 
Positive biopsy cores <34% 0 
234% 1 
Age, y <50 0 
250 1 


CAPRA indicates cancer of the prostate risk assessment; 
PSA, prostate-specific antigen. 

*CAPRA score (0 to 10) is the total of points in each 
category. 


FIGURE 4.5 The CAPRA scoring system. 
Source: Reprinted with permission from the American Cancer Society. 
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Imaging Modalities 


A variety of imaging modalities have also been employed 
in an attempt to add sensitivity to clinical staging and risk 
prognostication in patients with prostate cancer. CT scan 
is not sensitive enough to provide meaningful clinical 
information regarding patients with localized prostate can- 
cer. CT scan along with radionuclide bone scan are only 
recommended for patients with high-risk disease based 
on studies that have shown the risk of radiographically 
detectable metastases in intermediate- and low-risk dis- 
ease to be very low. On the contrary, magnetic resonance 
imaging (MRI) and magnetic resonance spectroscopy 
have been widely studied in a variety of clinical scenar- 
ios and have a more controversial role in the staging and 
risk stratification aspects of prostate cancer management. 
According to the NCCN guidelines, multiparametric MRI 
(mpMRI) may be considered to exclude the presence of an 
anterior cancer if the PSA level continues to rise despite 
repeatedly negative systematic prostate biopsy; however, it 
is not recommended for routine use (26). 


MRI in Patients on Active Surveillance 


The role of MRI as an additional criterion for inclusion 
in clinical nomograms used to predict insignificant 
prostate cancer has been evaluated (27). These nomo- 
grams have been applied to active surveillance situa- 
tions (28, 29). However, it has been suggested that two 
implementations of mpMRI could, if proven, make 
active surveillance unnecessary: (1) If mp MRI was used 
prior to biopsy so that based on imaging characteris- 
tics, patients could be excluded from undergoing biopsy 
based on PSA alone, thus avoiding unnecessary diag- 
nosis of clinically insignificant prostate cancer; and 2) 
if low-grade, low-volume lesions found with mpMRI- 
guided or template-mapped prostate biopsies could be 
reclassified as a noncancerous entity (30, 31). However, 
these goals, if feasible, are unlikely to be realized in the 
near future given the massive paradigm shift in prostate 
cancer management they represent. Thus, it is likely pru- 
dent to continue to evaluate MRI as one data point in 
a collection of multiple inputs necessary to increase the 
accuracy of prostate cancer staging. 

One clinical question that MRI has been used to 
address is the likelihood of upstaging on repeat biopsy in 
men on active surveillance, and thus whether repeat biopsy 
could be avoided given certain imaging characteristics. 
Vargas et al. used MRI in 388 men with low-risk prostate 
cancer on initial assessment (Gleason 6, PSA < 10 ng/mL, 
and clinical stage T2a or less). Three radiologists inde- 
pendently scored each MRI on a 1 to 5 scale, where 1 and 
2 were deemed low risk for significant cancer. Although 
upgrading was seen in 79 of 388 (20%) of men overall, an 
MRI score of 1 or 2 had an NPV of 0.96 to 1 for upgrad- 
ing, suggesting that men with a low-risk MRI could avoid 
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repeat biopsy. The PPV of an MRI score of 5 was 0.87 to 
0.98, with greater agreement between MRI scores for the 
two more experienced readers (32). Similarly, Margel et al. 
report the use of mpMRI in 60 men suitable for active 
surveillance. Twenty-three of 60 (38%) had a negative 
MRI, with 24 of 60 (40%) having an MRI that showed 
concordance with the biopsy results (defined as a tumor of 
<1 cm) and the remaining 13 of 60 (22%) suggesting unex- 
pectedly large tumor volumes on MRI that led to reclassi- 
fication with confirmatory biopsy in 10 of 13 (77%). The 
proportion of men who were reclassified in the negative 
MRI was low (2.5%) and slightly higher in the concordant 
group (10.7%) (33). 

Mullins et al. examined 50 men in an active surveil- 
lance program with a mean follow-up of 47.5 months 
and found that mpMRI demonstrated 97% specificity 
and 90% NPV for the detection of a pathological-index 
lesion (cancer present in the same prostate sextant in two 
separate surveillance biopsies). The prevalence of MRI- 
detected lesions was low at 20%, as is expected in an 
active surveillance population. Biopsy reclassification 
occurred in 40% of men with an MRI lesion compared 
to 12.5% of men without; however, when only men who 
met all active surveillance criteria were examined, there 
was no significant difference in biopsy reclassification 
due to MRI findings. These studies were also read by 
a single radiologist with 10 years of experience in pros- 
tate imaging. Thus, this study lacks the ability to dem- 
onstrate interobserver reliability, but does underscore the 
importance of clinical expertise as a contributing factor 
to the utility of prostate MRI (34). Given these figures, 
some patients might choose to forgo a repeat biopsy if 
their MRI was negative or concordant. 


"1C-choline Positron Emission Tomography/Computerized 
Tomography Scan 


CT alone is not sensitive enough to be clinically useful in 
patients with high pretest probability of localized prostate 
cancer. However, !'C-choline positron emission tomogra- 
phy (PET)/CT has been shown to have equal sensitivity 
and greater specificity for the presence of lymph node 
metastasis when compared with two other pretreat- 
ment nomograms (Briganti and Kattan) in a cohort of 
57 patients with intermediate- or high-risk prostate 
cancer. The baseline sensitivity for all three methods is, 
however, a relatively low, 60%. PET/CT had an over- 
all specificity of 97.6% compared to the nomograms at 
73.8% and 64.3%; however, this difference did not reach 
statistical significance in area-under-the-curve analy- 
sis. The diameter of the metastatic deposit directly cor- 
related with rate of detection (0/6 metastatic deposits 
<2 mm were detected, compared with 7/9 deposits >10 
mm in diameter). Lymph node metastases outside of the 
standard boundaries of pelvic lymph node dissection 
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were detected in 4 of 57 patients. '!C-choline PET/CT, 
however, is not useful for the determination of local 
extent of disease (35, 36). 


Summary 


These clinical staging systems, nomograms, and use of 
adjunctive imaging have proved invaluable in aiding the 
clinician to determine a patient’s likelihood of clini- 
cally localized disease and to counsel them effectively 
regarding their potential benefit from immediate local 
therapy in regard to cure. However, they are unable to 
distinguish between indolent and aggressive disease. 
This in turn has led to a high rate of overtreatment of 
nonlethal tumors in patients who could otherwise delay 
treatment-associated morbidity or perhaps avoid it alto- 
gether. This highlights the need for the development 
of biologically based predictors of individual disease 
aggressiveness that can accurately predict the presence 
of worrisome disease on needle biopsy and other pre- 
treatment criteria. 


m MOLECULAR AND GENOMIC 
MODALITIES: IMPROVING 
PROGNOSTIC PRECISION 


The previously reviewed clinical and imaging metrics 
as applied to localized prostate cancer are based solely 
on clinical and pathologic features (e.g., biopsy Gleason 
grade, PSA, clinical stage). Recent large studies have dem- 
onstrated the shortcomings of the current state of prostate 
cancer risk stratification. The Prostate Intervention 
Versus Observation Trial suggested that radical prosta- 
tectomy does not reduce mortality compared to observa- 
tion (37). The Scandinavian Prostate Cancer Group 4 trial 
showed only a modest benefit of surgery over conserva- 
tive management (a projected prostate cancer-specific 
mortality rate after 15 years of 14.6% vs. 20.7%, respec- 
tively). Although prostatectomy prevented cancer deaths 
in this study, a large number of patients had tumors that 
were not life threatening within the follow-up range of 
15 years. In contrast, one in seven of the patients who 
underwent prostatectomy recurred and died of prostate 
cancer (38). 

The 2011 National Institutes of Health consensus 
statement on the role of active surveillance in the 
management of patients with clinically localized prostate 
cancer estimates that only 10% of men who are eligible 
for active surveillance choose this approach. This low 
number has been attributed to a wide variety of fac- 
tors such as patient and clinician anxiety, the need for 
repeated biopsy, and the imprecision of available clini- 
cal prognosticators of disease aggressiveness or progres- 
sion. Thus, several molecular and genetic tests have been 
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recently developed and studied in hopes of refining the 
clinician’s ability to more accurately determine an indi- 
vidual’s risk by analyzing specific prostate tumor genes. 
These tests have been studied as stand-alone risk strati- 
fication metrics as well as in conjunction with existing 
clinical tools (39). 


Prostate Cancer Antigen-3 


This biomarker is a single gene product noncoding 
mRNA expressed only in the prostate, which is mea- 
sured clinically via urine assays (40, 41). It is highly 
overexpressed in prostate cancer compared with benign 
tissue. This test has been employed in a wide variety of 
clinical scenarios. It has been associated with the like- 
lihood of a positive initial or repeat prostate biopsy 
(42-44). However, studies are conflicted as to whether 
prostate cancer antigen-3 (PCA3) correlates with pros- 
tate cancer aggressiveness (45-49). A study of urinary 
TMPRSS2:ERG and PCA3 in an active surveillance 
cohort seemed to stratify the risk of having aggressive 
cancer as defined by tumor volume or Gleason score (50). 
A comparative effectiveness review demonstrated 
that PCA3 had a higher diagnostic accuracy than total 
PSA increases, but strength of evidence was low (limited 
confidence in effect estimates). In addition, strength of 
evidence was insufficient to conclude that PCA3 test- 
ing leads to improved health outcomes (51). However, 
a study combining PCA3 with other expressed prostatic 
secretion biomarkers such as TXNRD1-mRNA, PSA- 
mRNA, and TMPRSS2:ERG fusion mRNA was found 
to improve stratification of NCCN active surveillance 
candidates by reducing the risk of upstaging in patients 
with a negative test by almost eight times and reducing 
the risk of being both upstaged and upgraded by about 
five times while increasing the prevalence of upstaging 
in the positive test group by a factor of two (52). When 
PCA3 was combined with best clinical judgment in 
regard to the decision for repeat biopsy after a previous 
negative prostate biopsy, it was found that 64% of repeat 
biopsies could have been avoided when compared with 
26% for best clinical judgment alone. Combining best 
clinical judgment with the PCA3 test resulted in an NPV 
of 99% for cancers with Gleason score greater than or 
equal to 7 (53). Ongoing re-evaluation of the data on the 
ability of PCA3 to aid in risk stratification is necessary, 
especially as experience with active surveillance contin- 
ues to grow. 


Prolaris (Myriad Genetic Laboratories) 


This is a genetic test based on analysis of cell cycle pro- 
gression (CCP) genes. The assay quantitatively measures 
the RNA expression levels of 46 genes involved in tumor 
cell division. These specific genes were chosen for the assay 
based on the strength of correlation with prostate tumor 
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cell proliferation. The levels of gene expression were found 
to directly correlate with risk of prostate cancer-specific 
disease progression. This correlation is reported as the 
CCP score, which is calculated as the average expression 
of 31 CCP genes, normalized to 15 housekeeper genes. 
The initial study examining the prognostic value of the 
CCP score after prostatectomy demonstrated that it accu- 
rately predicted biochemical recurrence. This study also 
included a transurethral resection of the prostate (TURP) 
cohort for which the CCP score was the most important 
variable for prediction of time to death from prostate can- 
cer in both univariate analysis (hazard ratio 2.92; 95% 
CI 2.38-3.57, P = 6.1 x 10-*?) and the final multivariate 
analysis (hazard ratio 2.57; 95% CI 1.93-3.43, P = 8.2 x 
10-"), and was stronger than all other prognostic factors. 
The CCP score was subsequently applied to a group of 
patients obtained from six British cancer registries from 
1990 to 1996. Inclusion criteria were patients with clini- 
cally localized prostate cancer diagnosed by needle biopsy 
managed conservatively (i.e., patients treated by surgery 
or radiation within 6 months of diagnosis were excluded). 
In this study, the score was found to have the most robust 
independent predictive value of all variables examined for 
prostate cancer death outcome (54, 55). Thus, the clinical 
implication is to use the test to better distinguish which 
low- or intermediate-risk patients are suitable candidates 
for active surveillance, from those who are potentially at 
higher risk and may have a greater benefit from more rig- 
orous monitoring or progression immediately to therapy. 
In a validation study of a contemporary prostatectomy 
cohort of 413 patients in which 19.9% of patients had 
disease recurrence, the CCP score was demonstrated to 
significantly improve the precision of the prediction of dis- 
ease recurrence over CAPRA-S score alone. In addition, a 
score that combined CAPRA-S and CCP was validated. 
This combined score demonstrated consistent outcome 
prediction through a wide range of clinical risk (56). 


Oncotype DX Prostate Cancer Assay 
(Genomic Health) 


This is a gene expression test based on analysis of genes 
from multiple different cellular pathways involved in 
prostate cancer cells such as stromal response, cellular 
organization, androgen, and stress response. The test is a 
17-gene assay that was shown to predict for clinical 
recurrence (local, metastatic, or prostate cancer-related 
death) in long-term follow-up after radical prostatec- 
tomy and then validated in a prospective clinical study of 
395 needle biopsy specimens of patients with low- to 
low-intermediate-risk prostate cancer with the primary 
endpoints defined as clinical recurrence, prostate cancer 
death, and adverse pathology at radical prostatec- 
tomy (57). The results of the test are reported as a genomic 
prostate score (GPS) ranging from 0 to 100 (a score of 
zero, correlating to the lowest percent chance of adverse 
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pathology). In binary analyses adjusting for biopsy 
Gleason score, the GPS was found to be predictive of 
high grade (dominant pattern Gleason score 24) (odds 
ratio [OR] per 20 GPS units: 2.3; CI 1.5-3.7, P < 0.001) 
and/or nonorgan-confined disease (OR per 20 GPS 
units: 1.9; CI 1.3-3.0, P = 0.003) at radical prosta- 
tectomy. Similar to the Prolaris assay, it was found to 
have a wide distribution of score values when applied 
to patients at each level of clinical risk (both accord- 
ing to NCCN guidelines and CAPRA score) such that 
a patient in the NCCN very low-risk group with a low 
GPS score would have a more favorable prognosis than 
a NCCN very low-risk patient with a high GPS score. 
Similarly, for example, a patient with a CAPRA score of 
2 has a 66% average probability of adverse pathology, 
but with addition of GPS to risk assessment, patients 
with a CAPRA score of 2 have anywhere from 35% 
to 82% probability of adverse pathology (Figure 4.6). 
(58, 59) In multivariable analysis of the clinical valida- 
tion study referenced earlier, adjusting for significant 
clinical covariates did not diminish the GPS score’s 
ability to predict high-grade and/or nonorgan-confined 
pathology. The ORs for each 20-point increase in GPS 
adjusted for continuous CAPRA score was 2.1 (95% CI 
1.4-3.2), adjusted for NCCN risk group; the OR was 
1.9 (95% CI 1.3-2.8), and adjusted for age, PSA, clinical 
stage, and biopsy Gleason score; the OR was 1.9 (95% 
CI 1.2—28) as well. This demonstrated that the GPS adds 
additional clinically meaningful prognostic precision 
above and beyond the previously existing and validated 
multivariable clinical risk stratification tools (57). 
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In contrast to the Prolaris assay, which bases the 
risk score solely on the biology of the tumor sampled by 
biopsy, the Oncotype DX assay was developed to predict 
the biology of the entire prostate (Figure 4.7). From an 
initial gene discovery study, 288 genes were identified that 
were similarly predictive of clinical recurrence (as assessed 
by standardized hazard ratios) in both primary and 
highest Gleason pattern of specimens that were microdis- 
sected from radical prostatectomy specimens. This result 
demonstrated that certain genes could predict tumor 
aggressiveness regardless of the Gleason pattern tumor in 
which they were assessed. Eighty-one of the most predic- 
tive of the 288 genes used in the radical prostatectomy 
study were then analyzed in tumor from prostate needle 
biopsies, 58 of which were found to be predictive of high- 
grade and/or nonorgan-confined with a false discovery 
rate of less than 10%. Thus, even if only low-grade tumor 
is sampled by biopsy, the GPS score will still be high if 


Oncotype 
DXGPS © g 
High ue 


grade A < i 
Cresta 


Biopsy 


s 
Biopsy 


FIGURE 4.7 Conceptual demonstration of the ability of Oncotype 
DX to capture the entire biology of the prostate even though only one 
tumor was sampled and assayed. 
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FIGURE 4.6 Distribution of GPS scores within CAPRA and NCCN risk groups (open circles) and probability of favorable pathology at each level 


of clinical risk, incorporating GPS (curves). 


Source: From Ref. (57). Klein EA, Cooperberg MR, Magi-Galluzzi C, et al. A 17-gene assay to predict prostate cancer aggressiveness in the con- 
text of gleason grade heterogeneity, tumor multifocality, and biopsy undersampling. Eur Urol. 2014;pii: SO302-2838(14)00414-X. Reprinted with 


permission from Elsevier. 
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there is high-grade disease present elsewhere in the pros- 
tate. Conversely, a low-risk Prolaris score does not entirely 
eliminate the possibility of a more aggressive lesion that 
was simply missed on prostate biopsy. This advantage 
addresses important concerns of understaging and biopsy 
undersampling that have inhibited the more widespread 
adoption of active surveillance in clinical practice. 


Clinical Application of Genomic Tools 


Further study will be necessary to compare the various 
genetic tests previously described and determine whether 
there are any particular clinical scenarios in which one 
test outperforms the other. In addition, these tests rep- 
resent outcomes from first generation assays from which 
subsequent study and new technical platforms, such as 
whole-exome sequencing, could provide further prognos- 
tic precision. These changes will need to be re-validated 
in light of the simultaneous development of current and 
future therapeutic modalities that active surveillance is 
compared to as well. Given the continued rapid evolution 
that will likely characterize the field of prostate cancer 
genomics, a simplified clinical metric is helpful to keep 
in perspective the end result that the clinician is trying to 
achieve by implementing any of the genetic tests in com- 
bination with previously described clinical nomograms. 
Patients with a “good” gene signature on genomic analysis 
can be counseled for active surveillance. In addition, 
patients on active surveillance can be counseled if and 
when their cancer progresses to needing treatment based 
on a change in gene signature (Figure 4.8). 

Active surveillance even in the setting of current clini- 
cal staging and risk prognostication methods has rendered 
very positive results with a variety of studies demonstrating 
cancer-specific survival rates at or near 100%. However, 
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FIGURE 4.8 Clinical algorithm of a biopsy-based gene expres- 
sion signature for choosing and managing active surveillance patients. 
Source: Reprinted with permission from Ref. (59). Klein EA. A genomic 
approach to active surveillance: a step toward precision medicine. 
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as previously stated, these studies represent a fraction of 
the number of men who are eligible for active surveil- 
lance. To safely increase the number of patients who are 
managed with active surveillance, the NPV of the nomo- 
grams that are developed with the addition of the afore- 
mentioned genetic tools needs to be as high as possible 
so that the cancer-specific survival rates of patients who 
are managed with active surveillance do not fall below 
those who are immediately treated. This is especially true 
as the average age of the patient under active surveillance 
decreases (60). One model that represents an implementa- 
tion of a simple clinical risk stratification system without 
addition of genomic testing demonstrated encouraging 
outcomes for active surveillance compared to immediate 
prostatectomy. The model, based on a hypothetical cohort 
of one million simulated patients aged 40 to 90 years 
with low-risk prostate cancer defined as (T-stage < T2a, 
Gleason score < 6, and PSA level < 10 ng/mL), 
projected that 2.8% of men on active surveillance versus 
1.6% of men with immediate radical prostatectomy would 
die of their disease in 20 years. It predicted that the average 
increase in life expectancy associated with immediate radi- 
cal prostatectomy was 1.8 months (61). If results such as 
these can be improved upon with addition of genomic anal- 
ysis, this will, in addition, hopefully provide more assur- 
ance for men who would be eligible for active surveillance, 
but choose against it due to the ongoing anxiety of living 
with a cancer diagnosis or the need for frequent testing. 


m CONCLUSION 


The staging and risk stratification of prostate cancer is in 
the midst of a transition from solely a clinicopathologic- 
based system to one that includes molecular and genomic 
tools as well as various radiographic modalities. Further 
refinements to currently available clinical decision-making 
tools (i.e., Gleason grade, palpable extent of tumor, PSA, 
and nomograms based on these variables) are unlikely 
to yield the additional predictive power needed to confi- 
dently distinguish between patients with aggressive versus 
indolent disease. Improved decision-making tools devel- 
oped by integrating new imaging techniques along with 
future refinements in genomic and molecular analyses will 
hopefully provide more adequate assurance of a patient’s 
indolent disease status such that clinicians and patients 
alike can more comfortably choose active surveillance. 
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E INTRODUCTION 


Recent advances in genomic technologies have expanded 
our knowledge of complex biological processes that are 
believed to drive prostate carcinogenesis. These advances 
are beginning to be leveraged by emerging laboratory 
tests that may be useful for improved prostate cancer 
screening, diagnosis, and risk stratification. In this chap- 
ter, we will outline the limitations of current clinical 
tools and highlight several examples of emerging tests 
that use the wealth of information encoded in the genome 
toward improving prostate cancer disease and patient 
management. 


m A ROLE FOR GENOMIC-BASED 
BIOMARKERS IN SCREENING, DISEASE 
DIAGNOSIS AND CLASSIFICATION, 
AND CLINICAL TREATMENT DECISION 
MAKING 


Emerging molecular genetic tests capitalize on one 
or more “layers” of genomic information primarily 
through assays that measure chromosomal aberrations, 
DNA sequence mutations, epigenetic modifications, 
RNA or protein expression/modification, and changes 
in the concentration of metabolites. This is especially 
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important in prostate cancer where capturing a variety 
of biological variables in addition to clinical and patho- 
logical features can ultimately improve characterization 
of an individual patient’s disease. It is hoped that armed 
with more detailed information regarding the genomic 
profile of a tumor, physicians will be able to make bet- 
ter treatment and management decisions in a disease 
whose clinical course is highly heterogeneous. Genomic- 
based biomarkers encompass a variety of molecular and 
genetic mutational markers that are suitable for use in 
cancer detection and diagnostic strategies (Table 5.1.1). 
Among the most common molecular events in prostate 
cancer progression are androgen receptor (AR) splic- 
ing or amplification (1,2), gene fusion or rearrangement 
of ETS transcription factors (i.e., TMPRSS2:ERG gene 
fusion) (3), loss of PTEN function (PI3K activation) (4), 
and germline mutations in HOXB13 (5, 6). However, in 
contrast to many other solid tumors such as lung and 
colon cancer, which often have mutations (e.g., p53 and 
k-Ras mutations) on diagnosis that define 30%-40% 
of tumors of the affected population, prostate cancer 
genomes are not dominated by any such “driver” muta- 
tions(7). In prostate cancer, it appears that the more 
prevalent genetic alterations occur during progression 
to advanced stage disease(8) and perhaps greater util- 
ity can be detected through measurement of specific 
expression signatures that represent multiple biologi- 
cal pathways important to prostate carcinogenesis early 
on(9,10). Numerous new molecular and genetic tests 
for prostate cancer are under development and in early 
commercialization that target specific clinical decision 
points for prostate cancer disease. In this chapter, we 
will provide an overview of some of these emerging tests 
that are representative of current strategies for lever- 
aging more genomic information for prostate cancer 
screening, disease diagnosis, risk stratification, and pre- 
diction of treatment response (Figure 5.1.1). 
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E Table 5.1.1 
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Examples of different types of genomic biomarkers 
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Category 
Genotype 


Molecular 
Phenotype 


Cellular 


components 


Biomarker 
Type 


Genomic 


Epigenomic 


Transcriptomic 


Proteomic 


Metabolomic 


Other 


Biomarker 
Candidates 


Germline/ 
Somatic SNPs 


Copy number 
variations 


Gene fusions 


Methylations, 
histone 
modifications 


mRNAs and 
ncRNAs 


Splice variants 
(SVs) 


Proteins 


Metabolites 


CTC 


Cell-free RNA/ 
DNA 


Exosomes 


Commonly 
Used 


Specimens 


Tissue, blood, 
urine 


Tissue, blood, 
urine 


Tissue, blood, 
urine 


Tissue, blood, 
urine 


Tissue 


Tissue 


Tissue, serum, 
plasma, 
urine 

Tissue, serum, 
plasma, 
urine 


Blood, urine 


Serum, plasma, 
urine 


Serum, plasma, 
urine 


Commonly 
Used Profiling 
Technology/ 
Platform 


NGS (whole 
genome/exome 
sequencing), 
SNP arrays 


aCGH, NGS 


NGS (whole 
genome/ 
exome and 
transcriptome 
sequencing 
[RNA-seq]), 
microarrays 

ChIP-Chip, NGS 
(ChIP-seq, 
MeDIP-Seq, 
MethylC-seq) 

NGS (RNA-seq), 
microarrays 


NGS (RNA-seq) 


iTraq, MRM, 
SRM, MS 


Nuclear magnetic 
resonance 
(NMR), Mass 
spectrometry 
(MS) 

CellSearch, 
CTC-chip 


RT-qPCR, NGS 


Flow cytometry, 
MS 


Prostate Cancer 
Examples 


SNPs in LEPR, 
RNASEL, IL4, 
CYR1, ARVCF, 
HOXB13 


The duplication 
at 14q32.33 
encompasses 
IGHG3 gene 

TMPRSS2- 
ERG,CTAGES- 
KHDRBS3, 
USP9Y-TTTY15 


hypermethylation of 
GSTP1, MGMT, 
AR, ER, CDKN2A 
genes 

STEAP4, multi- 
gene/transcript 
signatures” 

Androgen receptor 
splice variants 


PEBP-1, PIN1, cIAP2, 
MIF, Caveolin-1 


sarcosine 


CTCs coexpressing 
epithelial, 
mesenchymal, and 
stem cell markers 
in progressive 
metastases 


PCADM-1, PCA3 


PCA-3 and 
TMPRSS2:ERG in 
exosomes isolated 
from urine of 
prostate cancer 
patients 
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Screening Diagnosis 


Current standard: Curent standard: 


Biopsy, pGS, PSAdt, MRI, CT scan, 


Family History, PSA, DRE 


Bone scan 
Emerging Tests: 
y 
PSA velocity, PSA density, 4Kscore, 
PSA PHI, Prostarix BIOPSY 
Goal: To reduce the number of 
unnecessary biopsies 
< 5 YL. 
Positive Biopsy Negative Biopsy 


Emerging Tests: Emerging Tests: 


PCA3, ConfirmMDx, Prostate Core 
Mitomic Test 


Prolaris, Genomic Prostate Score 
(GPS), ProstaVysion 


Goal: To distinguish aggressive vs. 
indolent cancers 


| | 


INTERVENTION 
i.e., Active Surveillance, 
RP, IMRT 


| 


PostvRP 
Risk Stratification 


Goal: To confirm biopsy result 


REPEAT BIOPSY 


Current standard: 


pGS, ECE, SM, SVI SECONDARY 
THERAPY 


Emerging Tests: DECISION 


Decipher, Prolaris 


Goal: To predict post surgery 
pathology and outcome 


FIGURE 5.1.1 Summary of emerging molecular tests at different 
clinical decision-making points for prostate cancer screening, diagnosis, 
and risk-stratification. 


m CURRENT CHALLENGES AND 
OPPORTUNITIES IN PROSTATE 
CANCER SCREENING 


A family history of prostate cancer as well as prostate- 
specific antigen (PSA) measurement and digital rec- 
tal examination (DRE) are the key variables used for 
screening and early detection of prostate cancer. Though 
highly sensitive, PSA measurement provides poor speci- 
ficity for clinically significant disease detection and if 
used inappropriately results in too many patients getting 
unnecessary biopsies, leading to overdiagnosis and over- 
treatment of many indolent tumors that can be managed 
more conservatively (11,12). PSA concentrations above 
4.0 ng/mL have about 30% positive predictive value, 
meaning that only one in three men biopsied for elevated 
PSA will have prostate cancer detected on subsequent 
biopsy (13). While in May of 2012 the U.S. Preventive 


Novel Molecular and Genotype Profiling in Prostate Cancer 79 


Services Task Force made a recommendation against the 
use of PSA-based screening for healthy men, citing that 
the harms associated with biopsy or treatment initiated 
by PSA screening outweighed the potential benefits (14- 
16), others are calling for more refined approaches to 
use PSA for earlier, “smarter” screening of true at-risk 
populations. 

In an effort to improve the accuracy and reduce the 
number of unnecessary biopsies, various derivatives or 
modifications of measurement of PSA have been devel- 
oped, including PSA velocity, PSA density, 4Kscore™ 
(Opko Health, Inc.), and PSA Prostate Health Index (PHI) 
(Beckman Coulter, Inc.). A recent study by Catalona 
et al., for example, has demonstrated that the use of PHI 
improves prostate cancer detection accuracy in compar- 
ison with PSA, particularly in the 2 to 10 ng/mL PSA 
range, reporting that at 95% sensitivity, the specificity 
of PHI was 16.0% compared with 6.5% for PSA. The 
AUC of prostate cancer detection was also significantly 
greater for PHI (AUC 0.70) than for PSA (AUC 0.53) (17). 
Though new PSA derived approaches have been some- 
what successful, there appears to be an upper limit for 
PSA-based test specificity. Non-PSA-based molecular 
tests currently under development include Prostarix™ 
(Metabolon, Inc.), which is based on the measurement 
of various metabolites that are reported to be specific to 
prostate cancer. 

Since a family history of prostate cancer is one of 
the most significant risk factors for developing the dis- 
ease (18-20), identifying inherited genetic susceptibility 
through genotyping is another promising complement 
that can be used to refine more generalized screening 
strategies. Several studies have demonstrated the utility 
of detecting germline single nucleotide polymorphisms 
(SNPs) as a means for identifying men at a high risk 
for developing prostate cancer (21-23). Furthermore, 
advances in genetic screening are being enabled by rap- 
idly developing genomic technologies facilitating the 
identification and validation of new prostate cancer sus- 
ceptibility loci. For example, using a custom Illumina 
genotyping array, the Collaborative Oncological Gene- 
Environment Study (COGS) recently identified 23 novel 
loci that are susceptible to variation in prostate cancer. 
To date, 77 prostate cancer susceptibility loci have been 
identified, which are thought to account for approxi- 
mately 30% of the prostate cancer familial risk. When 
these SNPs were combined in a risk model, the top 1% of 
men in the highest risk stratum had a 4.7-fold higher risk 
than the population average (24). Coupling PSA screen- 
ing only for at-risk individuals based on the measure- 
ment of prostate cancer susceptibility loci may emerge 
as an approach to increase specificity for disease detec- 
tion and reduce PSA testing that triggers unnecessary 
interventions. 
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m CURRENT CHALLENGES AND 
OPPORTUNITIES IN PROSTATE 
CANCER DIAGNOSIS 


Each year an estimated 1,000,000 men in the United States 
alone undergo a diagnostic core-needle biopsy to sample 
the prostate and to confirm a diagnosis of prostate can- 
cer—mostly triggered by elevated PSA findings. However, 
prostate biopsies, particularly multiple repeat re-biopsies, 
have associated risks that include developing serious infec- 
tion/sepsis, cases of which are rising as many strains of 
hospital bacteria have developed antibiotic resistance (25). 
Measurement of prostate cancer antigen 3 (PCA3), a non- 
coding RNA detectable in post-DRE urine using the FDA- 
approved Progensa assay was developed to rule out the 
need for subsequent biopsy in men with previous nega- 
tive biopsy findings but persistently high PSA. Tissue- 
based tests, such as ConfirmMDx™ (MDxHealth, Inc.) 
and Mitomics Prostate Core Test™ (Mitomics, Inc.), are 
genomic-based biopsy tests that try to predict occult pros- 
tate cancer missed by standard 10 to 12 core biopsy, which 
samples approximately 1% to 3% of the prostate gland by 
measuring a “field effect” of the cancerous tissue on the sur- 
rounding nonneoplastic cells. ConfirmMDx™ identifies 
epigenetic events associated with cancer progression, that 
is, hypermethylation of genes, glutathione-S-transferase P1 
(GSTP1) and adenomatous polyposis coli (APC) in pros- 
tate tumor tissue compared with the benign prostate (26). 
Recently, Trock et al. evaluated these DNA methylation 
biomarkers prospectively in the setting of repeat biopsy 
after an initial negative biopsy, and showed that while 
GSTP1 showed modest performance measures (negative 
predictive value [NPV] = 0.80, sensitivity = 0.43), APC 
methylation yielded an NPV of 0.96 and a sensitivity of 
0.95. This result shows that analysis of epigenetic biomark- 
ers in biopsy tissue may provide for increased specificity 
over urine- or blood-based PSA and PCA3 testing although 
validation in larger prospective cohorts is needed (27). 
Similarly, Prostate Core Mitomic Test™, which measures 
a mitochondrial genomic alteration (i.e., deletion), has 
also been assessed for its performance in predicting the 
absence of cancer on repeat biopsy. This test showed sen- 
sitivity and specificity of 84% and 54%, respectively, with 
the area under the ROC curve (AUC) of 0.75 and NPV of 
91% in a validation study of 101 patients (28). Therefore, 
genomic assessment of the “field effect” in prostate cancer 
may ultimately overcome the under-sampling issue inher- 
ent in the standard biopsy procedure. 

Once a diagnosis of prostate cancer is confirmed his- 
tologically, determining the clinical significance of the dis- 
ease and how it should be optimally managed is a major 
area of focus for emerging diagnostic tests. ProstaVysion™ 
(Bostwick Laboratories, Inc.) measures two of the most 
common genetic events in prostate carcinogenesis, ERG 
gene fusion and PTEN tumor suppressor gene loss. 
Although these markers have been extensively studied in 
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the literature, little clinical validation data on this assay 
have been produced to show how the information from 
this test should be used to guide patient management. 
More data is available on the Prolaris® test (Myriad 
Genetics, Inc.) that was developed to predict prostate 
cancer-specific mortality from analysis of gene expression 
on prostate biopsy. Prolaris® defines a prognostic score 
from the expression of 31 cell cycle progression (CCP) 
genes and 15 housekeeper genes that were selected based 
upon the most informative prognostic genes from similar 
tests developed for diagnosing breast cancer (9,29). CCP 
genes are more highly expressed in actively proliferating 
cells, and therefore represent an indirect measure of the 
growth rate and inherent aggressiveness of the tumor. 
More recently, the Genomic Prostate Score (Genomic 
Health, Inc.) is being marketed as a test that can be used to 
better select patients that can safely defer definitive treat- 
ment in favor of active surveillance. Again, no data has 
been presented that this test may improve decision making 
for men considering active surveillance for very low-risk 
or low-risk prostate cancer over currently available guide- 
lines. Instead, the data that has been presented are based 
on radical prostatectomy series that by today’s guidelines 
could be candidates for active surveillance. While these 
emerging genomic-based tests are certainly promising, 
additional clinical studies in patients actually being man- 
aged with active surveillance are warranted. 


m CURRENT CHALLENGES AND 
OPPORTUNITIES IN PROSTATE CANCER 
RISK STRATIFICATION 


The role of multimodal therapy in high-risk prostate 
cancer has been established through several randomized 
clinical trials. Intensification of therapy on men at risk for 
developing potentially lethal prostate cancer aims primar- 
ily at preventing or at least delaying the onset of metastatic 
disease. For example, current clinical guidelines recom- 
mend adjuvant radiotherapy for patients who present with 
postoperative pT3 disease or positive surgical margins. 
However, this may lead to overtreatment of many of these 
men who would not have had a recurrence after surgery 
alone (30). An emerging genomic-based risk stratification 
test, the Decipher® (GenomeDx Biosciences, Inc.) prostate 
cancer classifier was developed for intermediate to high- 
risk prostate cancer patients who are candidates for mul- 
timodal therapy postradical prostatectomy (10, 31, 32). 
Decipher® is the first test in prostate cancer that is the 
result of a genome-wide search for markers that predict 
early clinical metastasis postradical prostatectomy. The 
test was developed by profiling over 1.4 million expressed 
RNA markers including all of the known approximately 
22,000 protein-coding genes and many noncoding RNAs 
in over 500 formalin-fixed paraffin-embedded (FFPE) 
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primary tumor specimens from patients treated with radi- 
cal prostatectomy at the Mayo Clinic. The Decipher® test 
results are based on a set of 22 expressed RNA biomarkers 
that represent multiple biological pathways involved in the 
development of metastatic disease, such as cell adhesion 
and migration, cell cycle control, immune system modula- 
tion, and tumor motility (10). 

A novel aspect of this analysis was the inclusion of 
ncRNAs, which have been highlighted recently for their 
involvement in carcinogenesis (33-35) in addition to the 
typical RNA features from protein coding genes. Also nota- 
ble, the endpoint used for development of this test was early 
clinical metastasis after initial postradical prostatectomy 
PSA recurrence. Using this measure for aggressive pros- 
tate cancer may avoid reflexive treatment intensification 
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FIGURE 5.1.2 Survival decision curve analysis comparing the net 
benefit of Decipher® (GC) and Decipher® combined with clinical vari- 
ables (GCC) against clinical-only models (CC) (clinical variables, GPSM, 
and Stephenson nomogram). Performance of models is compared with 
extremes of classifying all patients as at risk for clinical metastasis (thus 
warranting treatment of all patients; sloping gray dotted line), versus clas- 
sifying no patients at risk (thus treating none; horizontal black-dashed 
line). The “decision-to-treat” threshold, the probability of metastasis used 
to trigger the decision to treat, is varied from O to 1, with sensitivity 
and specificity of each prediction model calculated at each threshold to 
determine net benefit. An optimal classifier has high net benefit above 
the gray dotted “treat all” line. At a wide range of “decision-to-treat” 
thresholds, the net benefit of the Decipher® is superior. GPSM (Gleason 
score, preoperative PSA, SVI, and margins prediction model developed 
at Mayo Clinic); Stephenson 5 year (Stephenson nomogram derived 
5-year probability of survival). Individual clinicopathologic factors: Path 
GS, pathological Gleason score; Preop PSA, preoperative prostate spe- 
cific antigen; SVI, seminal vesicle invasion; ECE, extracapsular exten- 
sion; SM+; positive surgical margins; N+, lymph node involvement. 
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solely based on rising PSA, which is often a relatively 
nonspecific predictor of death due to prostate cancer. In a 
prospectively designed study of a high-risk population of 
1,010 men treated with radical prostatectomy, Decipher® 
was shown to provide independent prediction of metas- 
tasis over clinical variables in multivariable analysis with 
an AUC of 0.79 (36). Furthermore, decision curve analysis 
revealed that the increased predictive power of Decipher® 
translated into a greater “net benefit” (e.g., reducing 
unnecessary overtreatment after RP in comparison to clin- 
ical prediction models and commonly used nomograms) 
(Figure 5.1.2). It is noteworthy that in conjunction with 
analytical and clinical validity (31,36), Decipher® has been 
also evaluated for clinical utility, and more specifically, for 
its influence on urologist treatment recommendations for 
patients at risk of metastasis (37,38). These studies showed 
that adjuvant treatment recommendations changed in 37% 
of cases on average following review of Decipher® test 
results in comparison to pre-Decipher® decision making 
based on pathology alone (Figure 5.1.3). 


E THE FUTURE OF MOLECULAR 
SCREENING AND STAGING METHODS 


The discovery and development of novel molecular and 
genetic biomarkers for prostate cancer diagnosis and prog- 
nosis have been empowered by high-throughput genomic 
technologies such as microarrays and genome sequenc- 
ing. The so-called Next Generation Sequencing (NGS), 
a massively parallel DNA sequencing technology (39,40), 
has been used to evaluate the spectrum of DNA altera- 
tions seen in advanced prostate cancer using FFPE biopsy 
tissue, which is an important step toward identifying 
novel therapeutic targets for individual patients with 
castrate-resistant prostate cancer (41). Clinical application 
of this technology, such as the MI-ONCOSEQ effort at 
the Michigan Oncology Sequencing Center, has begun to 
give hope of using clinical genomics to better sequence the 
delivery of current and novel systemic agents. 

As NGS whole genome or exome sequencing (8,42) 
becomes more established and cost-effective, the ability 
to comprehensively identify genetic mutations will eventu- 
ally lead to in-depth and informed disease predisposition 
determination in addition to treatment decision making 
for affected individuals. In addition, the application of 
these technologies to more accessible, noninvasive sources 
of biosamples such as the blood (39) and urine to enable 
examination of circulating tumor cells (43-46), exo- 
somes (47), and cell free DNAs and RNAs(48), includ- 
ing miRNAs (49), would significantly expand the utility 
across the spectrum of disease management, especially 
in situations where tumor tissue is not easily available in 
many cases (e.g., bone metastases). 
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FIGURE 5.1.3 Breakdown of treatment recommendations pre- 
Decipher® and post-Decipher® for low and high-risk groups determined 
by Decipher® in the adjuvant setting. Pre-Decipher® treatment recom- 
mendations are shown on left, post-Decipher® treatment recommenda- 
tion are shown on right. Numbers indicate the % of patient cases for 
which a specific treatment recommendation was made in the respective 
group (100% for each risk group). 


While we continue to explore the genomic heterogeneity 
of prostate carcinogenesis and its relationship to the diverse 
clinical outcomes observed in prostate cancer disease (50), 
undoubtedly the plethora of genomic data, such as whole 
genome sequences, structural genomic rearrangements (7), 
DNA copy number variations(51), epigenomes (52,53) 
(i.e., DNA methylation and chromatin modification), tran- 
scriptomes (RNAs including ncRNAs and splice variants), 
proteomes (proteins), and metabolomes (metabolites), that 
are becoming available will continue to provide a wellspring 
for emerging genomic tests. The real bottleneck for innova- 
tion, however, remains the extensive clinical validation and 
demonstration of clinical utility for each treatment decision 
point in large numbers of patients demanded by clinicians. 
As analytical methodologies to measure the layers of the 
genome become more cost-effective and as the data itself 
becomes more ubiquitous, ultimately this may lead to inte- 
grative “omics” approaches using network-based systems 
biology methods (54) to understand the underlying biology 
of the patient and his tumor. 
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E INTRODUCTION 


For the last 20 years, risk assessment in prostate cancer 
has heavily relied on prostate-specific antigen (PSA), clini- 
cal staging, the extent of biopsy tissue involvement, and 
Gleason score. The currently available biomarkers and 
clinical features that clinicians use to differentiate indo- 
lent, low-risk cancer from the clinically significant, high- 
risk cancer that could progress to incurable, metastatic 
cancer could be improved. The problem of overdiagnosis 
and overtreatment of low-risk cancer has stemmed, in 
part, from routine PSA screening, lack of a biomarker to 
precisely identify clinically significant disease, and also 
from the failure to implement the current risk stratifica- 
tion in a consistent way. 

Recent advances in genome analysis technology have 
allowed researchers to accelerate the genomic charac- 
terization of prostate cancer. Genomic data from a per- 
sonalized analysis will very likely position clinicians to 
better stratify risks of progression and offer patients a 
more precise treatment option thereby avoiding both over- 
and undertreatment. RNA assessment through RT-PCR 
and/or microarray gene chips can now be accomplished 
using small samples from a needle biopsy to provide gene 
expression data on early to late stage prostate cancer. This 
chapter will highlight the current and future integration of 
genomic data into the current system to aid clinicians in 
risk stratification of prostate cancer. 


m CURRENT SYSTEM OF RISK 
ASSESSMENT AND THE NEED FOR 
INTEGRATING GENOMIC DATA 


The goal of an optimal risk assessment system is to provide 
precise information on the biological aggressiveness of the 
cancer and to accurately differentiate which patients are at 


Genomics and Risk 
Assessment 


risk of disease progression, and therefore which will require 
treatment. Such precise genomic information may decrease 
the uncertainty for the clinicians and the patients when 
deciding the best treatment modalities. Urologists use pre- 
treatment information including age, race/ethnicity, family 
history, PSA value, digital rectal examination (DRE), PSA 
density, prostate volume, previous biopsy status, urinary 
symptoms, and transrectal ultrasound findings to predict 
risk of a positive biopsy. D’Amico risk stratification is now 
widely used to counsel patients on treatment modality. 
Cooperberg et al. developed the Cancer of the Prostate 
Risk Assessment (CAPRA) score based on the above cri- 
teria but also added several important risk factors such as 
the percentage of positive cores, primary and secondary 
Gleason pattern on biopsy, and age at diagnosis (1). Once a 
patient has been diagnosed with prostate cancer, urologists 
generally use a variety of risk assessment tools including 
the D’Amico risk stratification, Kattan nomogram, Partin 
table, or CAPRA score to decide on treatment modality. 
However, treatment decision varies considerably across 
practices, often driven by age, comorbidities, socioeco- 
nomic factors, and so forth, as well as by both physician 
and patient preferences/bias (2, 3). 

D’Amico and colleagues used PSA level, Gleason score, 
and clinical staging to stratify patients into the three risk 
groups to predict biochemical recurrence after local ther- 
apy (4). In addition, the Stephenson model or Cancer of 
the Prostate Risk Assessment score (CAPRA-S) were also 
used to predict biochemical recurrence after prostatec- 
tomy with C-index of 0.72 and 0.73 respectively (5). These 
risk stratification systems exhibited reasonably predictive 
accuracy (4,6, 7). 

In patients with pathologic features that carry a higher 
risk of recurrence after radical prostatectomy, contempo- 
rary practices rely on pathologic staging, Gleason score, 
volume of disease, surgical margin status, months until 
PSA recurrence, and PSA kinetics following surgery to 
predict risk of biochemical recurrence (8). However, the 
decision whether to proceed with adjuvant or salvage ther- 
apy is not always a clear-cut decision. 

One limitation of the current risk stratification 
systems is the lack of genomic data, which could pro- 
vide a more personalized assessment. There are several 
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scenarios in which genomic data can further refine the 
current system. Approximately 30% of patients with 
low Gleason, aggressive disease on active surveillance 
do receive treatment due to disease progression (9). 
Patients with low-to-intermediate risk cancer in which 
biopsy showed high-volume Gleason 3+3 (>1/3 cores 
or >50% in one core) or in patients with small amount 
of secondary Gleason 4 pattern (1 core positive or less 
than 10% of core) are generally thought not to be ideal 
candidates for active surveillance in most community 
practices and are recommended to proceed with local 
treatment. However, most patients in this category could 
harbor low-risk indolent disease and would be reason- 
able candidates for active surveillance. Genomic data 
are not generally used to determine if these patients will 
progress over a period of time or harbor more aggressive 
disease during treatment counseling of patients in most 
community practices. 

Genomic analysis of the biopsy core can yield crucial 
information on the biology of the cancer and therefore 
allow for better counseling of men in this group on 
whether to proceed with treatment or continue active 
surveillance. For example, Prolaris (46-gene expression 
signature) and Decipher genomic tests are currently 
available to evaluate prostate cancer aggressiveness 
and predict outcomes for disease progression following 
prostatectomy (10-12). The Prolaris and the Oncotype 
DX Prostate Cancer assay (17-gene expression signa- 
ture) can be performed on RNA extracted from just 
1 to 2 mm of cancer core tissue (13). Such individual- 
ized information will allow more precision in identify- 
ing men who harbor less aggressive cancer and with low 
risk of cancer progression, and hence could be managed 
by active surveillance. These tests are discussed 
below. 


E DIFFERENT TECHNOLOGIES TO OBTAIN 
GENOMIC DATA 


Gene Expression Microarray 


cDNA expression arrays or “gene chips” allow objective 
assessment of thousands of genes involved in tumori- 
genesis. The advancements in robotic technology have 
paved the way for development of commercially avail- 
able gene chips that contain collections of microscopic 
DNA spots on a solid for researchers using biomarker 
discovery or for validation studies (14-16). Maturation 
of microarray platforms leads to the identification and 
development several multigene signatures that are cur- 
rently integrated into clinical practice (i.e., Prolaris, 
Decipher, and Oncotype DX). These subsets of gene sig- 
natures help clinicians predict tumor aggressiveness or 
relapse after local therapy. 
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Whole Genome Sequencing 


Whole genome sequencing (WGS) provides the DNA 
sequence of the entire 3 billion base pairs of the human 
genome. It allows detailed detection of point mutations, 
amplifications, deletions, and rearrangements, but also 
provides extensive information about the sequences in the 
intergenic regions that may not be relevant. This approach 
is powerful, providing a detailed map of a specific cancer 
tissue genome, and may uncover novel driver mutations 
and rearrangements in prostate cancer pathogenesis (17). 
For instance, a complete whole genome, sequencing of 
localized prostate cancer revealed a new PTEN- interacting 
protein MAGI2 that was not previously identified in pros- 
tate cancer development (18). 


Whole Exome Sequencing 


Whole exome sequencing (WES) only sequences the 
coding regions of the genome (2%) and is less costly. 
However, it is limited to sequencing only the area of pre- 
viously described genes and cannot identify new driver 
mutations, complex rearrangements, or regulatory regions 
that may be important in driving the expression of onco- 
genes or suppressing the expression of tumor suppressor 
genes (19). Using exome sequencing of advanced prostate 
cancer, studies by Grasso et al. and Barbieri et al. iden- 
tified novel recurrent mutations of FOXA1, an AR col- 
laborating factor, MED12, SPOP, and multiple chromatin 
and histone-modifying genes. There recurrent mutations 
are implicated in altering the gene expression profile that 
drives cancer progression (20, 21). 


Transcriptome Sequencing 


Transcriptome sequencing (RNA-seq) is a powerful 
and cost-effective method to measure the expression of 
mRNAs and miRNAs, allowing assessment of genome- 
wide gene expression patterns. It is not only able to iden- 
tify known genes but can also provide information about 
novel coding and noncoding RNA levels, gene fusions, and 
alternative splice variants of genes. One limitation to this 
approach, however, is the high error rate and the require- 
ment for independent validation using other methods such 
as RT-PCR (19). 


Gene Copy Number Analysis 


High-resolution array comparative genomic hybridization 
is a method to accurately provide genome-wide informa- 
tion on specific whole, or partial, chromosomal gains or 
losses and genomic rearrangement. Compared with WGS 
or WES, aCGH in general requires less bioinformatics 
supports, has a slightly lower cost, and requires as little 
as 0.5 pg of DNA to provide accurate data on gene copy 
number. Hence, specific gene copy number information 
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is attainable from a small needle biopsy (22). Using this 
technology, Paris et al. showed that a set of gene copy 
number alteration (Genomic Evaluators of Metastatic 
Prostate Cancer [GEMCaP]) can predict risk of recurrence 
with 80% accuracy (23). 


Ribosome Profiling 


Ribosome profiling refers to the sequencing of mRNAs 
that are in the process of actively being translated. It can 
identify translationally regulated genes or gene signatures 
that are involved in tissue invasion, cell proliferation, and 
cancer progression. Using ribosomal profiling, one can 
compare actively translated genes from a primary tumor 
to a metastatic lesion to pinpoint a group of translation- 
ally regulated genes associated with advanced disease and 
progression (24). 


E EXISTING GENOMIC DATA THAT 
CAN BE INTEGRATED INTO RISK 
ASSESSMENT 


Recently, transcriptome, exome resequencing, and DNA 
copy number alteration analysis of 218 prostate cancer 
samples confirmed three major pathways that had pre- 
viously been implicated in the pathogenesis of prostate 
cancer (RB signaling, PIK/AKT signaling, and RAS/ 
RAF signaling) (25). The most common genetic altera- 
tions found in prostate cancer were deletion of PTEN 
on 10q23.31, RB1 on 13q14.2, TP53 on 17p31.1, and 
NKX3.1 on 8p21. Fusion of ERG and TMPRSS2 were 
found in early stage prostate cancer. The most com- 
mon amplified regions included MYC on 8q24.21 and 
NCOA2 on 8q13.3 found in early disease while AR 
gene amplification is found mostly in metastatic pros- 
tate cancer. The pattern of copy number alterations was 
also identified as a key prognostic indicator of disease 
progression, independent of Gleason score (23,26). 
Although these genomic alterations have been strongly 
associated with clinically significant cancer, their usage 
in risk assessment has not been translated in the clinic 
setting, but will prove to be an exciting advancement in 
the future. Some of the genomic alterations that could 
be used as prognostic or predictive markers are summa- 
rized in Table 5.2.1. 


Genomic Risk Assessment for Prostate Cancer 
Detection 


Abnormal DRE and/or abnormal PSA value lack the 
required sensitivity to detect prostate cancer; the predic- 
tive value of DRE with PSA in detecting clinically sig- 
nificant cancer ranges from 25% to 40%. A PSA range 
between 4 and 10 most often resulted in a 60% to 70% 
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negative biopsy rate. At the same time, prostate cancer 
is detected in 17% to 27% of patients with PSA from 
1 to 4 (27). Furthermore, a repeat saturation biopsy also 
detected cancer in about 18% to 43% of cases that had 
been missed after the first biopsy in men with elevated 
PSA (28, 29). Hence PSA alone is not an ideal tool to reliably 
predict cancer. PSA can also be measured in unbounded 
form, termed free PSA. A lower percentage of free PSA is 
correlated with a higher probability of detecting prostate 
cancer. Catalona et al. demonstrated that a cutoff value of 
<25% has a sensitivity of 95% in detecting prostate can- 
cer, while avoiding 25% of unnecessary biopsies (30). 

Currently, the Prostate Health Index ([PHI] Beckman 
Coulter) and four-kallikrein panel ([4K panel] OPKO 
Diagnostics) are available molecular biomarkers to 
improve sensitivity and specificity of predicting cancer for 
men with PSA > 2 ng/mL who are considering biopsy. The 
PHI is a panel of total PSA, free PSA, and pro-PSA that 
has been validated in multicenter studies, which showed 
a significant increase in prostate cancer detection when 
compared to PSA and free PSA (31, 32). Similarly, the 4K 
panel, consisting of total PSA, free PSA, intact PSA, and 
kallikrein-related peptidase 2, significantly improved pre- 
dictive accuracy in detecting cancer in a large validation 
study by Vickers et al. (33). 

The PCA3 (Progensa) urinary marker is currently 
approved by the FDA to help risk stratify men after a 
negative biopsy. This test measures the mRNA level 
of prostate cancer antigen 3 (higher level in cancer tis- 
sue than adjacent noncancerous tissue in 95% of the 
56 tumors studied). A score of less than 35 is associated 
with lower likelihood of prostate cancer with the AUC 
of 0.693 compared with the AUC of 0.612 for serum 
PSA (34). The TMPRSS2-ERG fusion (transmembrane 
protease serine 2 implicated in tumor metastasis) has 
been reported to be one of the earliest genetic events 
in prostate cancer tumorigenesis and is detected in 
approximately 50% of prostate cancers (35,36). A few 
studies have demonstrated improvements in sensitivity 
and predictive value of detecting prostate cancer using 
the TMPRSS2-ERG fusion transcript and PCA-3 (pros- 
tate cancer antigen-3 is overexpressed in 95% prostate 
cancer) urine assay with up to 90% specificity and 80% 
sensitivity (37-39). 

Several studies reported that assessing DNA methyla- 
tion pattern of specific genes (GSTP1 and APC) from ini- 
tially negative biopsy tissue can provide a high negative 
predictive value (NPV) and improve both sensitivity and 
specificity for detecting cancer in subsequent biopsy in 
men with high index of suspicion for cancer (40, 41). These 
studies had led to the development of the ConfirmMDx 
test, commercially available to clinicians for risk assess- 
ment after the initial negative biopsy. These tools can be 
used concurrently to increase the probability of a positive 
prostate biopsy. 
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E Table 5.2.1 


Potential genomic alterations that can be translated into prognostic and predictive biomarkers 


Tissue- and Serum-Based Biomarker of 
Cell Cycle Progression and Signaling 


Pathways Functions References 
Cyclin D1 overexpression is linked to poor prognosis after prostatectomy 57) 
c-myc overexpression is linked to poor prognosis after prostatectomy 58, 59) 
p16 overexpression is linked to poor prognosis after prostatectomy 60) 
Retinoblastoma (Rb), p53 loss of function involved in tumor initiation and progression 61) 
Loss of hMSH2 expression lower recurrence rates after prostatectomy 62) 
PTEN and p27 loss or decreased expression involved in tumor initiation and progress (63-66) 
PI3kinase/AKT/mTOR signaling cascade activation leads to tumor progression 67) 
PAR-2 overexpression is linked to PCa metastasis 68) 
EZH2 overexpression is linked to PCa metastasis 69) 
H3K27Me3 overexpression is associated with biochemical recurrence 70) 
AMACR expression is associated with risk of prostate cancer 71) 
TGF-f1 and IL-6 overexpression is linked to disease progression and biochemical (72) 
recurrence 

TMPRSS2-ERG,PCA3 diagnosing prostate cancer (73) 
Ras/Raf signaling activation leads to tumor progression (74, 75) 
AR overexpression and mutation is associated with CRPC progression (76) 
NKX3.1 loss or decreased expression involved in tumor initiation and progress (77) 
NCOA2 overexpression is linked to PCa metastasis (78) 


Genomic Risk Assessment Prior 
to Local Therapy 


Uncertainty still exists among physicians and patients 
about the best course of treatment after their cancer diag- 
nosis, mainly due to under-sampling from biopsy. Recent 
advances in genomic biomarkers have been geared toward 
improving accuracy of risk stratification beyond Gleason 
score, PSA, tumor volume, and clinical staging. Cuzick 
et al. reported that by assessing the expression of cell 
cycle progression (CCP) genes in prostatectomy speci- 
mens and in biopsy samples of men with localized dis- 
ease, this expression profile added a substantial amount 
of prognostic information regarding disease progression. 
Subsequently, these studies lead to the development of the 
Prolaris test (42,43). The CCP was further validated in a 
large contemporary cohort (12). Klein et al. introduced the 
17-gene signature assay (Oncotype DX) to evaluate disease 
aggressiveness from paraffin-embedded biopsy tissue with 
significant improvement in predicting clinical progres- 
sion (44-45). Cooperberg et al. validated this multigene 
signature assay in a large cohort of men with low to low- 
intermediate risk prostate cancer who were candidates for 
active surveillance (46). Currently, both the Prolaris and 
Onxotype Dx are available to offer patients with low-to- 
intermediate—risk cancer more information on their pros- 
tate cancer diagnosis, hence giving them more certainty on 
deciding treatment options. 


Genomic Risk Assessment for Prostate Cancer 
Recurrence After Local Therapy 


The main tools urologists use to predict cancer out- 
come after local therapy are a combination pre- and 


posttreatment PSA, PSA velocity and doubling time, 
PSA density, pathological staging, Gleason grade, surgi- 
cal margin status, and the Kattan nomogram or Partin 
table (47,48). However, there are limitations with these 
tools since they do not give insight into the biology of 
the cancer. These tools could overestimate or underesti- 
mate risk of recurrence after radical prostatectomy and 
may not give physicians and patients the best information, 
especially when deciding whether to proceed to adjuvant 
therapy or elect to undergo careful follow-up with salvage 
therapy (49). The Prolaris, Decipher, and Oncotype DX 
prostate assays are commercially available genomic tests 
to offer patients more precise information about their 
risk of recurrence after prostatectomy, independent of 
pathological staging and Gleason score (10, 12, 46, 50). In 
addition, validation studies are underway to bring other 
genomic tests such as gene copy number alteration into 
this space (23, 51). 


Genomic Risk Assessment for Developing 
Castration-Resistant Prostate Cancer (CRPC) 


Using genomic data as biomarkers in assessing progression 
to CRPC or responses to chemotherapy is still in the early 
stages of development. Translation of basic science results 
into clinically valuable biomarkers for diagnosis, progno- 
sis, and selective therapy is critical in addressing the chal- 
lenges of treating metastatic castration-resistant prostate 
cancer (nCRPC). However, characterization of such bio- 
markers on a genomic level is expected to greatly impact the 
way we detect and treat metastatic PCa. Currently, there 
are several potential biomarkers that are in development 
for clinical utility in CRPC. The number of circulating 
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tumor cells and distinct patterns of chromosome copy 
number alterations have been reported to be useful in 
predicting the risk of progression to CRPC and overall 
survival in CRPC (52, 53). Genomic analysis of these CTC 
showed 70% of the mutations were present in matched 
lymph node and primary core tissue, hence CTC genomics 
could hold potential in guiding treatment of mCRPC in 
the clinic. 

Furthermore, genomic data could be used to predict 
antiandrogen resistance in CRPC patients undergoing sec- 
ond generation antiandrogen therapy, allowing clinicians to 
choose a more appropriate therapy. Studies by Joseph et al. 
showed that 3 out of 29 patients receiving the second gen- 
eration antiandrogen ARN-509 in the phase 1 dose escala- 
tion trial developed de novo AR F876L mutation. This is 
a missense mutation in the AR ligand-biding domain that 
confers agonistic activity to both Enzalutamide and ARN- 
509 (54). Patients with AR F876L mutation will generally 
fail the second generation antiandrogen therapies, but 
may have other mutations such as RAS/RAF mutations or 
PTEN loss, which may steer therapy toward using RAS 
pathway inhibitors (e.g., sorafenib, vemurafenib) or PI3 
kinase pathway inhibitors (e.g., BKM120, BAY 80-6946) 
instead of Enzalutamide (54). 


Mm FUTURE PERSPECTIVE 


As we move into the era of personalized medicine, there 
is a high demand for biomarkers that can: (a) reduce over- 
treatment of low-risk prostate cancer and (b) reduce under 
treatment. To increase utility in the clinic, besides confirm- 
ing validity, the biomarkers assay should be easy to use 
and interpret, have a rapid turnaround for results, and be 
reproducible. Next, the issue of diffusing the knowledge 
and clinical uses of the genomic biomarkers to both special- 
ists and primary care providers plus the general public is of 
crucial importance to overcome in order to bring genomic 
biomarkers into clinical practice. This could be addressed 
with clinical guidelines and in training of physicians. An 
example of such integration is seen in the NCCN guide- 
line for HER2 assays used in targeted therapy for Stage IV 
breast cancer (55). Finally, validation studies should fol- 
low REMARK guidelines to ensure the standardization 
of methods and predictive validity of the biomarkers. The 
REMARK guidelines recommend to researchers a list of 
criteria on study design, patient selection, methods of speci- 
men retrieval and preservation, statistical analysis, data 
reporting, and the relation of the marker to standard prog- 
nostic variables (56). 


E CONCLUSION 


The variability of clinical progression and the molecu- 
lar heterogeneity of prostate cancer continue to pose a 
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challenge for clinicians in selecting the more personalized 
management strategies (effective, efficient, and necessary) 
for contemporary patients. Genomic risk assessment will 
complement and augment standard risk assessment tools 
of the cancer (and very likely the host with time). 


E REFERENCES 


1. Cooperberg MR, Freedland SJ, Pasta DJ, et al. Multiinstitutional 
validation of the UCSF cancer of the prostate risk assessment 
for prediction of recurrence after radical prostatectomy. Cancer. 
2006;107(10):2384-2391. 

2. Bechis SK, Carroll PR, Cooperberg MR. Impact of age at diag- 
nosis on prostate cancer treatment and survival. J Clin Oncol. 
2011;29(2):235-241. 

3. Cooperberg MR, Broering JM, Carroll PR. Time trends and local 
variation in primary treatment of localized prostate cancer. J Clin 
Oncol. 2010;28(7):1117-1123. 

4. D’Amico AV, Whittington R, Malkowicz SB, et al. Biochemical 
outcome after radical prostatectomy, external beam radiation 
therapy, or interstitial radiation therapy for clinically localized 
prostate cancer. JAMA. 1998;280(11):969-974. 

5. Punnen S, Freedland SJ, Presti JC Jr, et al. Multi-institutional 
validation of the CAPRA-S score to predict disease recur- 
rence and mortality after radical prostatectomy. Eur Urol. 
2014565(6):1171-1177, 

6. Cooperberg MR, Pasta DJ, Elkin EP, et al. The University of 
California, San Francisco Cancer of the Prostate Risk Assessment 
score: a straightforward and reliable preoperative predic- 
tor of disease recurrence after radical prostatectomy. J Urol. 
2005;173(6):1938-1942. 

7. Stephenson AJ, Scardino PT, Eastham JA, et al. Preoperative 
nomogram predicting the 10-year probability of prostate can- 
cer recurrence after radical prostatectomy. J Natl Cancer Inst. 
2006;98(10):715-717. 

8. Freedland SJ, Humphreys EB, Mangold LA, et al. Risk of prostate 
cancer-specific mortality following biochemical recurrence after 
radical prostatectomy. JAMA. 2005;294(4):433-439. 

9. Dall’Era MA, Albertsen PC, Bangma C, et al. Active surveillance 
for prostate cancer: a systematic review of the literature. Eur Urol. 
2012;62(6):976-983. 

10. KarnesRJ, Bergstralh EJ, DavicioniE, etal. Validation of a genomic 
classifier that predicts metastasis following radical prostatectomy 
in an at risk patient population. J Urol. 2013;190(6):2047-2053. 

11. Freedland SJ, Gerber L, Reid J, et al. Prognostic utility of cell 
cycle progression score in men with prostate cancer after primary 
external beam radiation therapy. Int J Radiat Oncol Biol Phys. 
2013;86(5):848-853. 

12. Cooperberg MR, Simko JP, Cowan JE, et al. Validation of a 
cell-cycle progression gene panel to improve risk stratifica- 
tion in a contemporary prostatectomy cohort. J Clin Oncol. 
2013;31(11):1428-1434. 

13. Knezevic D, Goddard AD, Natraj N, et al. Analytical validation 
of the Oncotype DX prostate cancer assay—a clinical RT-PCR 
assay optimized for prostate needle biopsies. BMC Genomics. 
2013;14(1):690. 

14. Chee M, Yang R, Hubbell E, et al. Accessing genetic information 
with high-density DNA arrays. Science. 1996;274(5287):610-614. 

15. Schena M, Shalon D, Davis RW, Brown PO. Quantitative moni- 
toring of gene expression patterns with a complementary DNA 
microarray. Science. 1995;270(5235):467-470. 

16. Grouse LH, Munson PJ, Nelson PS. Sequence databases and 
microarrays as tools for identifying prostate cancer biomarkers. 
Urology. 2001;57(4, suppl 1):154-159. 

17. Stadler ZK, Schrader KA, Vijai J, Robson ME, Offit K. Cancer 
genomics and inherited risk. J Clin Oncol. 2014;32(7):687-698. 


90 


18. 


19: 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


32. 


33. 


34. 


39; 


36. 


37; 


Berger MF, Lawrence MS, Demichelis F, et al. The genomic 
complexity of primary human prostate Nature. 
2011;470(7333):214-220. 

Rizzo JM, Buck MJ. Key principles and clinical applications of 
“next-generation” DNA sequencing. Cancer Prev Res (Phila). 
2012;5(7):887-900. 

Barbieri CE, Baca SC, Lawrence MS, et al. Exome sequencing 
identifies recurrent SPOP, FOXA1 and MED12 mutations in pros- 
tate cancer. Nat Genet. 2012;44(6):685-689. 

Grasso CS, Wu YM, Robinson DR, et al. The mutational land- 
scape of lethal castration-resistant prostate cancer. Nature. 
2012;487(7406):239-243. 

Przybytkowski E, Aguilar-Mahecha A, Nabavi S, Tonellato PJ, 
Basik M. Ultradense array CGH and discovery of micro-copy 
number alterations and gene fusions in the cancer genome. 
Methods Mol Biol. 2013;973:15-38. 

Paris PL, Weinberg V, Albo G, et al. A group of genome-based 
biomarkers that add to a Kattan nomogram for predicting pro- 
gression in men with high-risk prostate cancer. Clin Cancer Res. 
2010316(1):195-202. 

Hsieh AC, Liu Y, Edlind MP, et al. The translational landscape of 
mTOR signalling steers cancer initiation and metastasis. Nature. 
2012;485(7396):55-61. 

Taylor BS, Schultz N, Hieronymus H, et al. Integrative genomic 
profiling of human prostate cancer. Cancer Cell. 2010;18(1):11-22. 
Cher ML, Bova GS, Moore DH, et al. Genetic alterations in 
untreated metastases and androgen-independent prostate cancer 
detected by comparative genomic hybridization and allelotyping. 
Cancer Res. 1996;56(13):3091-3102. 

Thompson IM, Pauler DK, Goodman PJ, et al. Prevalence of pros- 
tate cancer among men with a prostate-specific antigen level < or 
=4.0 ng per milliliter. N Engl J Med. 2004;350(22):2239-2246. 
Campos-Fernandes JL, Bastien L, Nicolaiew N, et al. Prostate 
cancer detection rate in patients with repeated extended 21- 
sample needle biopsy. Eur Urol. 2009;55(3):600-606. 

Walz J, Graefen M, Chun FK, et al. High incidence of prostate 
cancer detected by saturation biopsy after previous negative 
biopsy series. Eur Urol. 2006;50(3):498-S505. 

Catalona WJ, Partin AW, Slawin KM, et al. Use of the percent- 
age of free prostate-specific antigen to enhance differentiation of 
prostate cancer from benign prostatic disease: a prospective mul- 
ticenter clinical trial. JAMA. 1998;279(19):1542-1547. 

Catalona WJ, Partin AW, Sanda MG, et al. A multicenter study 
of [-2]pro-prostate specific antigen combined with prostate spe- 
cific antigen and free prostate specific antigen for prostate cancer 
detection in the 2.0 to 10.0 ng/ml prostate specific antigen range. 
J Urol. 20113185(5):1650-1655. 

Stephan C, Vincendeau S, Houlgatte A, Cammann H, Jung K, 
Semjonow A. Multicenter evaluation of [-2]proprostate-specific 
antigen and the prostate health index for detecting prostate can- 
cer. Clin Chem. 2013359(1):306-314. 

Vickers AJ, Gupta A, Savage CJ, et al. A panel of kallikrein 
marker predicts prostate cancer in a large, population-based 
cohort followed for 15 years without screening. Cancer Epidemiol 
Biomarkers Prev. 2011;20(2):255-261. 

Day JR, Jost M, Reynolds MA, Groskopf J, Rittenhouse H. 
PCA3: from basic molecular science to the clinical lab. Cancer 
Lett. 2011;301(1):1-6. 

Tomlins SA, Rhodes DR, Perner S, et al. Recurrent fusion of 
TMPRSS2 and ETS transcription factor genes in prostate cancer. 
Science. 2005;310(5748):644-648. 

Mosquera JM, Mehra R, Regan MM, et al. Prevalence of 
TMPRSS2-ERG fusion prostate cancer among men under- 
going prostate biopsy in the United States. Clin Cancer Res. 
2009;15(14):4706-4711. 

Hessels D, Smit FP, Verhaegh GW, Witjes JA, Cornel EB, Schalken 
JA. Detection of TMPRSS2-ERG fusion transcripts and prostate 
cancer antigen 3 in urinary sediments may improve diagnosis of 
prostate cancer. Clin Cancer Res. 2007;13(17):5103-5108. 


cancer. 


38. 


39, 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


Sk 


52. 


53% 


54. 


5S. 


56. 


PART! © Epidemiology, Screening, and Diagnosis 


Salami SS, Schmidt F, Laxman B, et al. Combining urinary 
detection of TMPRSS2:ERG and PCA3 with serum PSA to predict 
diagnosis of prostate cancer. Urol Oncol. 2013;31(5):566-571. 
Bussemakers MJ, van Bokhoven A, Verhaegh GW, et al. DD3: a 
new prostate-specific gene, highly overexpressed in prostate can- 
cer. Cancer Res. 1999359(23):5975-5979. 

Trock BJ, Brotzman MJ, Mangold LA, et al. Evaluation of GSTP1 
and APC methylation as indicators for repeat biopsy in a high- 
risk cohort of men with negative initial prostate biopsies. BJU Int. 
2012;110(1):56-62. 

Troyer DA, Lucia MS, de Bruine AP, et al. Prostate cancer detected 
by methylated gene markers in histopathologically cancer-nega- 
tive tissues from men with subsequent positive biopsies. Cancer 
Epidemiol Biomarkers Prev. 2009318(10):2717-2722. 

Cuzick J, Berney DM, Fisher G, et al. Prognostic value of a 
cell cycle progression signature for prostate cancer death in 
a conservatively managed needle biopsy cohort. Br J Cancer. 
2012;106(6):1095-1099. 

Cuzick J, Swanson GP, Fisher G, et al. Prognostic value of an 
RNA expression signature derived from cell cycle proliferation 
genes in patients with prostate cancer: a retrospective study. 
Lancet Oncol. 2011;12(3):245-255. 

Knezevic D, Goddard AD, Natraj N, et al. Analytical validation 
of the Oncotype DX prostate cancer assay - a clinical RT-PCR 
assay optimized for prostate needle biopsies. BMC Genomics. 
2013314:690. 

Klein EA, Maddala T, Millward C, et al. Development of a needle 
biopsy-based genomic test to improve discrimination of clinically 
aggressive from indolent prostate cancer. J Clin Oncol. 2012;30 
(suppl; abst 4560). 

Klein EA, Cooperberg MR, Magi-Galluzzi C, et al. A 17-gene 
assay to predict prostate cancer aggressiveness in the context of 
Gleason grade heterogeneity, tumor multifocality, and biopsy 
undersampling. Eur Urol. 2014;66(3):550-560. 

Graefen M, Karakiewicz PI, Cagiannos I, et al. International 
validation of a preoperative nomogram for prostate cancer recur- 
rence after radical prostatectomy. J Clin Oncol. 2002;20(15): 
3206-3212. 

Pound CR, Partin AW, Epstein JI, Walsh PC. Prostate-specific 
antigen after anatomic radical retropubic prostatectomy. 
Patterns of recurrence and cancer control. Urol Clin North Am. 
1997;24(2):395-406. 

Greene KL, Meng MV, Elkin EP, et al. Validation of the Kattan 
preoperative nomogram for prostate cancer recurrence using 
a community based cohort: results from cancer of the prostate 
strategic urological research endeavor (capsure). J Urol. 20043171 
(6 pt 1):2255-2259. 

Erho N, Crisan A, Vergara IA, et al. Discovery and validation of 
a prostate cancer genomic classifier that predicts early metastasis 
following radical prostatectomy. PLoS One. 2013;8(6):e66855. 
Kattan MW. Evaluating a marker’s contribution to a nomogram: 
the GEMCaP example. Clin Cancer Res. 2010;16(1):1-3. 

de Bono JS, Scher HI, Montgomery RB, et al., Circulating 
tumor cells predict survival benefit from treatment in meta- 
static castration-resistant prostate cancer. Clin Cancer Res. 
2008314(19):6302-6309. 

Friedlander TW, Roy R, Tomlins SA, et al. Common structural 
and epigenetic changes in the genome of castration-resistant pros- 
tate cancer. Cancer Res. 2012;72(3):616-625. 

Joseph JD, Lu N, Qian J, et al. A clinically relevant andro- 
gen receptor mutation confers resistance to second-generation 
antiandrogens enzalutamide and ARN-509. Cancer Discov. 
2013;3(9):1020-1029. 

Theriault RL, Carlson RW, Allred C, et al. Breast cancer, version 
3.2013: featured updates to the NCCN guidelines. J Natl Compr 
Canc Netw. 2013;11(7):753-760; quiz 761. 

McShane LM, Altman DG, Sauerbrei W, et al. Reporting recom- 
mendations for tumor marker prognostic studies. J Clin Oncol. 
2005;23(36):9067-9072. 


CHAPTER 5.2 œ 


37. 


58. 


59; 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


Genomics and Risk Assessment 


Aaltomaa S, Eskelinen M, Lipponen P. Expression of cyclin A and 
D proteins in prostate cancer and their relation to clinopathologi- 
cal variables and patient survival. Prostate. 1999;38(3):175-182. 
Bernard D, Pourtier-Manzanedo A, Gil J, Beach DH. Myc confers 
androgen-independent prostate cancer cell growth. J Clin Invest. 
2003;112(11):1724-1731. 

Bubendorf L, Kononen J, Koivisto P, et al. Survey of gene ampli- 
fications during prostate cancer progression by high-throughout 
fluorescence in situ hybridization on tissue microarrays. Cancer 
Res. 1999;59(4):803-806. 

Jarrard DF, Modder J, Fadden P, et al. Alterations in the p16/pRb 
cell cycle checkpoint occur commonly in primary and metastatic 
human prostate cancer. Cancer Lett. 2002;185(2):191-199. 
Osman I, Drobnjak M, Fazzari M, Ferrara J, Scher HI, Cordon- 
Cardo C. Inactivation of the p53 pathway in prostate cancer: impact 
on tumor progression. Clin Cancer Res. 1999;5(8):2082-2088. 
Prtilo A, Leach FS, Markwalder R, et al. Tissue microarray analy- 
sis of hMSH2 expression predicts outcome in men with prostate 
cancer. J Urol. 20053;174(5):1814-1818; discussion 1818. 

Warde N. Prostate cancer: loss of PTEN promotes progression 
of prostate cancer in an androgen-independent manner. Nat Rev 
Urol. 2011;8(8):412. 

Sircar K, Yoshimoto M, Monzon FA, et al. PTEN genomic deletion 
is associated with p-Akt and AR signalling in poorer outcome, hor- 
mone refractory prostate cancer. J Pathol. 2009;218(4):505-513. 
Dreher T, Zentgraf H, Abel U, et al. Reduction of PTEN and 
p27kip1 expression correlates with tumor grade in prostate can- 
cer. Analysis in radical prostatectomy specimens and needle biop- 
sies. Virchows Arch. 2004;444(6):509-517. 

Facher EA, Law JC. PTEN and prostate cancer. J Med Genet. 
1998;35(9):790. 

De Velasco MA, Uemura H. Preclinical remodeling of human 
prostate cancer through the PTEN/AKT pathway. Adv Urol. 
2012;2012:419348. 


68. 


69. 


70. 


vA 


72e 


73: 


74. 


75. 


76. 


77. 


78. 


91 


Wilson S, Greer B, Hooper J, et al. The membrane-anchored ser- 
ine protease, TMPRSS2, activates PAR-2 in prostate cancer cells. 
Biochem J. 2005;388(pt 3):967-972. 

Varambally S, Dhanasekaran SM, Zhou M, et al. The polycomb 
group protein EZH2 is involved in progression of prostate cancer. 
Nature. 2002;419(6907):624-629. 

Pellakuru LG, Iwata T, Gurel B, et al. Global levels of H3K27me3 
track with differentiation in vivo and are deregulated by MYC in 
prostate cancer. Am J Pathol. 20123181(2):560-569. 

Jiang N, Zhu S, Chen J, Niu Y, Zhou L. A-methylacyl-CoA race- 
mase (AMACR) and prostate-cancer risk: a meta-analysis of 
4,385 participants. PLoS One. 2013;8(10):e74386. 

Reis ST, Pontes-Junior J, Antunes AA, et al. Tgf-betal expression 
as a biomarker of poor prognosis in prostate cancer. Clinics (Sao 
Paulo). 2011;66(7):1143-1147. 

Salagierski M, Schalken JA. PCA3 and TMPRSS2-ERG: prom- 
ising biomarkers in prostate cancer diagnosis. Cancers (Basel). 
2010;2(3):1432-1440. 

Wang XS, Shankar S, Dhanasekaran SM, et al. Characterization 
of KRAS rearrangements in metastatic prostate cancer. Cancer 
Discov. 2011;1(1):35-43. 

Bakin RE, Gioeli D, Sikes RA, Bissonette EA, Weber MJ. 
Constitutive activation of the Ras/mitogen-activated protein 
kinase signaling pathway promotes androgen hypersensitivity in 
LNCaP prostate cancer cells. Cancer Res. 2003;63(8):1981-1989. 
Mitsiades N. A road map to comprehensive androgen receptor 
axis targeting for castration-resistant prostate cancer. Cancer 
Res. 2013;73(15):4599-4605. 

Bhatia-Gaur R, Donjacour AA, Sciavolino PJ, et al. Roles 
for Nkx3.1 in prostate development and cancer. Genes Dev. 
1999;13(8):966-977. 

Taylor BS, Schultz N, Hieronymus H, et al. Integrative genomic 
profiling of human prostate cancer. Cancer Cell.2010;18(1):11-22. 


WALEED A. HASSEN 


Prostate cancer remains a significant source of morbid- 
ity and mortality in the Western world (1). The introduc- 
tion of prostate-specific antigen (PSA) in the 1980s has 
certainly led to a significant increase in prostate cancer 
diagnosis and many would argue an improvement in pros- 
tate cancer mortality. PSA, however, has low specificity 
and results in many needless diagnostic interventions (2). 
PSA screening also leads to an increase in the diagnosis 
of indolent cancers with its inherent burdens on the indi- 
vidual as well as society (3). This chapter reviews promis- 
ing blood- and urine-based markers beyond PSA for the 
detection of prostate cancer. For reference, the markers 
described in this chapter are illustrated in Figure 5.3.1. 
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FIGURE 5.3.1 
prostate cancer. 
Abbreviations: ECM = extracellular matrix; EPCA = early prostate cancer 
antigen; hK2 = human Kallikrein 2; IL-6 = interleukin 6; PCA3 = prostate 
cancer antigen 3; pro-PSA = pro-prostate specific antigen; TMPRSS2- 
ERG = (transmembrane protease, serine 2)-(ETS-related genes) promoter; 
TF = transcription factor; TGF-B1/R = transforming growth factor-beta 1 
and receptor; uPA/R = urokinase plasminogen activator and receptor. 
Note: black arrow = produces / converted to; green arrow = stimulates; 
orange boxes with black text represent novel markers. 


Future Direction: Novel 
Urine and Serum Markers 


E BLOOD-BASED MARKERS 


PSA Isoforms 


Free PSA (fPSA) has three different isoforms in serum: 
pro-PSA (pPSA), BPH-associated PSA (BPSA), and intact 
or inactive PSA (iPSA) (4). pPSA is cleaved by various serum 
proteases into PSA (4). Elevated levels of pPSA were shown 
to improve prostate cancer detection as well as reduce 
unnecessary biopsies when compared with PSA or fPSA 
alone (5,6). In a prospective study of 268 men, Guazzoni 
et al. recently reported that pPSA improved the detec- 
tion of prostate cancer on biopsy over total PSA (tPSA), 
fPSA, or PSA density (PSAD) by 10% (7). Jansen et al. also 
showed that pPSA increased the prostate cancer predictive 
value and specificity over total and fPSA (8). There was 
also the suggestion that pPSA may increase the detection 
of more aggressive forms of cancer (Gleason score = 7). 
The ability of pPSA to detect more aggressive forms of 
cancer was also demonstrated by Makarov et al. (9). pPSA 
measurements in serum and tissue were associated with 
an increased probability of treatment necessity among 71 
men enrolled in an active surveillance protocol for pros- 
tate cancer. 

The Beckman Coulter Prostate Health Index (PHI) 
is a proprietary equation that incorporates pPSA. It is 
calculated as [(pPSA/fPSA) x tPSA]. The PHI has also 
been shown to increase both prostate cancer detection and 
perhaps predict more aggressive disease when compared 
with PSA or standard pathologic features alone (7, 8). 


Human Kallikrein 2 


Human kallikrein-related peptidase 2 (hK2) is a secreted 
serine protease from the same gene family as PSA with 
very similar sequence homology (10). Studies have shown 
that serum hK2 improves the prediction of prostate can- 
cer when combined with PSA and fPSA (11,12). There is 
also the suggestion that hk2 may be able to predict more 
aggressive disease. Elevated serum levels of hK2 have 
been shown to predict extracapsular extension in radical 
prostatectomy specimens (13). Serum hK2 levels also cor- 
related with adverse pathologic features and biochemical 
recurrence in a cohort of over 800 men undergoing radical 
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prostatectomy (14). Others have not confirmed this data 
however, and its use therefore remains controversial (15). 


Urokinase Plasminogen Activator (uPA) 


uPA is a serum protease that binds to the uPA receptor 
(uPAR) and converts plasminogen to plasmin. This subse- 
quently leads to protease activation and the degradation of 
extracellular matrix proteins. This degradation has been 
implicated in cancer growth and progression (16). This link 
to progression is highlighted by the fact that increased lev- 
els of both uPA and uPAR have been linked to metastatic 
disease in numerous malignancies (17, 18). Elevated levels of 
uPA and uPAR have been shown to have potential in both 
diagnostic and prognostic applications. The addition of 
uPAR to PSA and fPSA isoforms significantly improved the 
prediction model for prostate cancer diagnosis from an area 
under the curve (AUC) of 0.61 to 0.75 (19). Given its role in 
disease progression, uPA(R) appears to be associated with 
aggressive disease. In a large retrospective cohort of patients 
who underwent radical prostatectomy, elevated preopera- 
tive uPA and uPAR levels were correlated with both aggres- 
sive disease and recurrent disease (20). Elevated levels have 
also been correlated with metastatic disease to the bone (21). 


Transforming Growth Factor-Beta 1 (TGF-81) 


TGF-B1 is a protein that is involved in numerous biological 
processes including regulating cellular proliferation, dif- 
ferentiation, angiogenesis, and apoptosis. TGF-B1 appears 
to play a role in prostate cancer progression. Preoperative 
levels of TGF-B1 predicted for adverse pathological fea- 
tures (extra-capsular extension, seminal vesicle invasion, 
and lymph node involvement) as well as biochemical 
recurrence after prostatectomy (22). Its value remains con- 
troversial, however, as others have not been able to repli- 
cate this data (23, 24). 


Interleukin-6 (IL-6) Ligand and Receptor 


IL-6 is a cytokine that is expressed by a variety of cell 
types and is involved in hematopoesis as well as immune 
response modulation. IL-6 appears to be a growth fac- 
tor that drives prostate cancer growth by activation of 
the androgen receptor (25,26). IL-6 also appears to pro- 
mote the growth of androgen-independent cell lines in 
vitro (27). A few studies have shown that IL-6 may be a 
useful prognostic marker as elevated levels are correlated 
with advanced disease and survival (28,29). Recently, in 
a small study of 51 patients Terracciano et al. were able 
to demonstrate that an elevated ratio of IL-6 to its recep- 
tor predicted higher-grade disease on radical prostatec- 
tomy, potentially making it useful as a marker for active 
surveillance (30). When incorporated into a nomogram, 
IL-6, along with TGF-B1, was shown to improve the 
ability to predict biochemical progression over standard 
criteria (31). 
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Early Prostate Cancer Antigen (EPCA) 


EPCA is a nuclear matrix protein that may be of utility 
in both a diagnostic and prognostic capacity. Nuclear 
matrix proteins assist with maintaining the structure of 
the nuclear membrane. EPCA was initially found to be 
preferentially expressed in histologically negative prostate 
tissue in patients who eventually developed prostate can- 
cer (32). Subsequently, a blood-based assay for EPCA was 
shown to have a diagnostic specificity and sensitivity of 
94 and 92% respectively in a small cohort of patients (33). 
Larger retrospective studies also demonstrated similar 
diagnostic specificity and sensitivity as well as the ability 
of EPCA and EPCA-2 to discriminate between localized 
and advanced disease (AUC 0.89) (34,35). While there 
was a lot of enthusiasm and public interest for EPCA-2 
when first presented, subsequent studies could not vali- 
date the performance of EPCA-2, and methodologic defi- 
ciencies were alleged. EPCA-2 was included here because 
of the significant popular press that was generated, but it 
is no longer in clinical use and several studies regarding 
EPCA-2 were subsequently retracted (36). 


E URINE-BASED MARKERS 


The noninvasive nature of urine, as well as its proxim- 
ity to the prostate, makes it a potentially ideal source of 
biomarkers for prostate cancer. Prostate cancer cells pass 
directly into the urethra via prostatic ducts(37). It has 
been suggested that the accurate collection of urine should 
involve a massage that depresses the prostate by 1 cm and 
is applied from the base to the apex and from the laterally 
to the median sulcus for each lobe. This should then be 
repeated three times (38). 


Prostate Cancer Antigen 3 (PCA3) 


The PCA3 gene (initially referred to as DD3), initially 
reported in 1999, was found to be highly overexpressed 
in prostate cancer (39). The PCA3 assay measures PCA3 
mRNA as well as PSA mRNA. The PSA mRNA is not 
upregulated in prostate cancer and is used to normalize 
for the amount of prostate-specific mRNA in the sample. 
This ratio is then reported as a score. The PCA3 assay 
was approved in 2012 in the United States and has been 
approved in Europe since 2006 to assist in deciding on the 
need for a repeat biopsy. PCA3 has been found to improve 
the AUC for the detection of prostate cancer in numerous 
studies by 5% to 10%. PCA3, however, is plagued with 
the same issues of balancing sensitivity and specificity that 
PSA is. Using a PCA3 cutoff score of 35 for example yields 
a specificity of 72% and a sensitivity of 58%. PCA3, 
however, is not influenced by inflammation, age, 5-alpha 
reductase use, or prostate volume (40-44). 

Although some studies have suggested that PCA3 may 
be useful in predicting more aggressive disease, larger 
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studies have contradicted this. Taken together it does not 
appear that PCA3 is useful in predicting tumor aggres- 
siveness (45-50). PCA3 has also not been shown to predict 
progression in prostate patients who are on an active sur- 
veillance program (44). 


TMPRSS2-ERG Fusion 


Gene rearrangements have been described in malignancies 
particularly hematologic cancers. The most common rear- 
rangement in prostate cancer is the fusion of the TMPRSS2 
(a gene transcriptional promoter) and the oncogene ERG. 
This rearrangement has been shown to occur in 80% of 
prostate cancer specimens (51). Transcripts of these fusion 
products have been reported in the urine of up to 40% of 
prostate cancer patients (52-54). In an attempt to improve 
the diagnostic accuracy, studies have evaluated combin- 
ing PCA3 with TMPRSS2-ERG. In a study of 48 patients 
undergoing a prostate biopsy, combining TMPRSS2-ERG 
with PCA3 increased the diagnostic accuracy over PSA 
alone from an AUC of 0.72 to 0.88(55). Other studies 
have shown improved diagnostic accuracy using both 
TMPRSS2-ERG and PCA3 as well although with more 
modest gains (56). 


DNA Hypermethylation 


Aberrant methylation of DNA has been associated with 
many malignancies including prostate cancer. The most 
studied marker is Glutathione S-transferase pi 1 (GSTP1). 
Hypermethylation of GSTP1 has been shown in a series of 
small studies to theoretically be able to improve the detec- 
tion of prostate cancer with specificities ranging from 
93% to 100% and sensitivities of approximately 50% to 
75% (57-60). A larger multi-institutional study, involving 
337 prebiopsy urine samples, used a panel of hypermeth- 
ylation markers (GSTP1, RARbeta2, and APC). The neg- 
ative predictive value in this cohort was 87% for patients 
who had a PSA between 4 and 10 ng/mL suggesting its 
possible utility in biopsy decision making (61). 


m CONCLUSIONS 


Numerous biomarkers in both serum and urine have 
shown promise in improving the detection of prostate 
cancer; however, their utility in curbing overdiagnosis 
and more accurately predicting prognosis has remained a 
challenge. In all likelihood, panels of markers and other 
decision-making tools such as nomograms will better 
characterize the heterogeneity of prostate cancer pheno- 
types and require further validation. 
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E INTRODUCTION 


Over the past 15 years, there has been a gradual transi- 
tion in the focus of translational oncologic medicine to a 
patient-centric, systems platform that incorporates host/ 
tumor molecular profiling, medical genetics-genomics, 
liquid biopsies (e.g., exosomes), and peptide screening 
as part of a “whole patient” treatment paradigm (1-7). 
Such transformative and integrative approaches require 
advancements in multiple clinical and scientific subspe- 
cialties including basic disease biology, translational 
medicine, biophysics, image analysis, and theoretical 
modeling. One of the key challenges is how best to effec- 
tively manage this voluminous and complex data stream 
starting with acquisition, storage, quality control, in silico 
modeling, and finally creating access for the clinician/ 
care-giver to a user-friendly, accurate tool that is able 
to guide decisions surrounding early diagnosis, manage- 
ment, and treatment. 

This chapter focuses on how these comprehensive, 
information-driven approaches will be applied in the early 
detection and management of men diagnosed with pros- 
tate cancer. Findings such as age-based prostate-specific 
antigen (PSA) thresholds, suspicious digital rectal exam, 
family history, and ethnic background have resulted in 
men being subjected to unnecessary biopsies with subse- 
quent overdiagnosis and overtreatment of mostly indo- 
lent disease. Furthermore, approximately 75% of the 1.3 
million men in the United States who undergo a prostate 
biopsy receive a negative result and it is believed that 
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around 25% of these men actually do have cancer some- 
where in the gland but it was missed due to sampling (8, 9). 
These facts combined with the observed increased morbid- 
ity associated with the prostate needle biopsy illustrate the 
need for improved detection techniques, not only to find 
cancer but to ultimately identify the clinically significant 
disease (10, 11). 


mM FUTURE OF SCREENING 
AND DIAGNOSIS 


Given that the current clinical variables are decidedly lim- 
ited, advancements in imaging and fluid-based detection 
assays will aid not only in the identification of prostate 
cancer but also in finding aggressive disease, ultimately 
guiding appropriate patients to specific treatment options 
(12-14). Although MRI has emerged as a promising non- 
invasive diagnostic imaging modality, the lack of end user 
reproducibility and consistency for finding high-risk dis- 
ease and the associated imaging cost have created chal- 
lenges for routine clinical adoption (15). Noteworthy is 
that future innovative methods that couple multiparamet- 
ric MRI with computer-assisted image analytics based on 
tissue registration and decision support methods should 
improve the detection of prostate cancer including indo- 
lent vs. aggressive disease (16, 17). 

Another significant area of development is fluid ana- 
lytics and the use of urine and blood samples to aid in 
the diagnostic process. The more novel approaches utilize 
highly accurate exosome-RNA signatures from nondigital 
rectal exam urine specimens (18). By employing a multi- 
gene signature derived from stable microvesicles/exosome 
RNA in the urine, both the patient and treating physician 
(i.e., urologist or primary care doctor in the future) will 
be able to dynamically monitor the disease process with- 
out the need for biopsy or even immediate intervention. It 
is hypothesized that screening in the future will include 
an initial PSA combined with other serum markers and 
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an exosome-urine test linked, at an appropriate time, to 
advanced imaging techniques for the identification and 
early treatment of high-risk disease. 


E TREATMENT, STAGING, AND 
THE APPLICATION OF RISK 
STRATIFICATION THROUGH SYSTEMS 
“PRECISE” PATHOLOGY 


Once diagnosed with prostate cancer, the patient must 
make a decision on a treatment plan with relatively lim- 
ited information as to what is the optimal choice for their 
disease. Unfortunately, for patients with prostate cancer 
a comprehensive or systems view is currently limited to 
the integration of patient-specific clinical-only attributes 
such as age, ethnicity, serum PSA, imaging (to determine 
clinical stage), and subjective features from the diagnostic 
prostate needle biopsy or prostatectomy specimen includ- 
ing tumor differentiation (i.e., Gleason grade and score) 
and volume (% and length). There are no routine ancillary 
tests performed. 

Although the development of various clinical statisti- 
cal instruments such as nomograms has provided a mecha- 
nism to interrogate such variables, most urologists rely on 
basic prognostic features of stage, grade, and PSA along 
with clinical judgment to define and understand individual 
risk, predict health outcomes, and provide recommenda- 
tions for treatment. The existing predictive tools do pro- 
vide some benefit; however, the majority of contemporary 
patients are considered midrange, where nomograms 
are neither accurate nor particularly helpful for decision 
making. There have been several recent attempts to aug- 
ment the current clinical nomograms by introducing gene 
expression data and serum markers; however, the lack of 
sufficient clinical efficacy/utility based on limited patient 
numbers and price has hampered their broad clinical 
adoption (19). 


E SYSTEMS “PRECISE” PATHOLOGY 
PLATFORM 


Specifically in prostate cancer, there are many variables 
that are not amenable to the gene expression “grind and 
find” approach, notably issues surrounding sampling, 
subjectivity on histologic grading/volume of disease, and 
molecular tumor heterogeneity. These limitations are 
inherently linked as there is no a priori method or technol- 
ogy to identify and biopsy an index or high-risk lesion. 
Furthermore, current practice with a 10- to 12-core trans- 
rectal ultrasound (TRUS) biopsy approach only samples 
approximately 1% of the entire prostate gland. In addi- 
tion, with the use of PSA screening, the majority of men 
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diagnosed with prostate cancer today have low-volume 
disease, so even with improvements in MRI-guided 
biopsy, sampling and molecular variability will continue 
to be limiting factors. Precise pathology preserves the 
intact specimen from which the original diagnosis was 
made and provides a quantitative (morphometric) assess- 
ment of the overall architecture and composition of the 
tumor while incorporating biological attributes through 
advanced multiplex immunofluorescent (IF) biomarker 
techniques (20-22). 

Unlike other solid tumors which incorporate addi- 
tional criteria to define a risk state (e.g., estrogen recep- 
tor [ER] and Her2 status in breast cancer), prostate 
cancer, particularly in the biopsy, relies on the subjec- 
tive assignment of a Gleason grade to drive a treatment 
decision. Over the years, a number of investigators have 
sought to quantitatively identify and classify additional 
histologic features as a way to further refine the inter- 
pretive limitations of the Gleason grading system. This 
has included nuclear morphometric approaches that 
incorporate nuclear size, shape, and chromatin orga- 
nization (e.g., DNA content) and the development of 
computer-assisted decision support tools to quantify 
subtle morphologic changes to allow for a more repro- 
ducible discrimination between Gleason grades (23, 24). 
Unfortunately, the majority of these approaches have 
either not been able to associate features with specific 
outcome data or have been hampered by the inability to 
produce reliable stable metrics across large cohorts for 
validation and broad clinical application. 

The precise pathology method extracts high-content 
morphologic characteristics from the histologic digital 
image using both preprocessed H&E and IF-stained 
prostate tissue specimens. By applying various sophis- 
ticated techniques that deconstruct the overall tumor 
histology, quantitative nuclear and cytoplasmic (mor- 
phometric and biologic) features become components 
of multivariate outcome models for de novo patients. 
Figure 5.4.1A-C illustrates the H&E and IF segmented 
and feature-classified images from a prostate needle 
biopsy. The discrete histologic and biomarker attributes 
(e.g., Androgen Receptor and Ki67) are easily identified 
through color annotation (22). Further advancements 
have propelled this field toward more IF morphomet- 
ric analytics which removes the H&E staining variabil- 
ity while preserving the organizational properties of 
tumor. Through de-convolution and various threshold 
algorithms, challenges of nuclear segmentation, overlap- 
ping and irregularly stained nuclei, as well as biomarker 
distribution in various compartments (e.g., nuclear vs. 
epithelial cytoplasm vs. stroma) have been addressed. 
Further enhancements will include the application of 
Voronoi region—seed diagrams (Figure 5.4.2)—and 
the resultant combination of these algorithms with bio- 
marker distribution patterns to ultimately add further 
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FIGURE 5.4.1 


A-C. Representative H&E and Multiplex Immunofluorescent (MIF) images of three different prostate needle biopsy cases. 


(A) postsegmented H&E image of a well-differentiated Gleason score 6 prostate needle biopsy with a relatively small number of tumor cells that are 
a distance from gland lumens reflecting less transition to a Gleason grade 4 (A, gland lumens (L, red); tumor cells a distance from gland lumens, 
green, G). Two MIF postsegmented images of well-differentiated Gleason Score 6 prostate cancer: (B) with a range of nuclear AR intensity levels 
(lowest blue — highest red, white arrow) in CK18+ (green) tumor epithelial nuclei; and (C) with abundant levels of Ki67 (yellow) in AMACR (brown) + 


tumor epithelial nuclei. 200X. 


content to the field of functional-histologic-biometric 
morphometry. 

The derived systems-based (precise) pathology mod- 
els utilize the patient’s clinical data and intact forma- 
lin-fixed, paraffin-embedded (FFPE) tissue specimen 
to construct a baseline phenotype for defining a clini- 
cal risk stage. These biologic-quantitative models also 
provide a biomarker profile that is linked to treatment 
and outcome end points. The systems precise pathology 
platform represents a major advance in the practice of 
tissue-based pathology through its integration of molec- 
ular and imaging data with the patient’s clinical record. 
Over the years, these modeling efforts have proved suc- 
cessful in accurately stratifying patients either at the 
time of diagnosis using features in the biopsy to guide 
appropriate treatment (i.e., surgery, radiation, active 
surveillance) or the prostatectomy specimen for incorpo- 
rating additional monitoring or even the use of adjuvant 
therapy postintervention. 


The employment of multivariate modeling in prostate 
cancer staging and treatment serves two broad categories, 
which include prognostic, time-dependent risk outcome 
models, that is, probability of disease progression over a 
specific time period based on a series of variables (e.g., clini- 
cal, genetic), and predictive models, which are more closely 
aligned with response to treatment (targeted therapy, radia- 
tion) and the presence of a tumor-specific phenotype. For 
decades, the primary methodology for linking variables with 
outcome was the Cox Proportional Hazards Model (25); 
however, when hundreds of features are generated, as in a 
systems disease analysis, the Cox method is neither reliable 
nor accurate. As a result, a variety of novel mathematical 
methods representing the latest advances in artificial intel- 
ligence and statistical analytics have been adapted includ- 
ing Random Forrests, neural networks, and support vector 
machines (26). Recent advances in this field have employed 
semi-supervised learning techniques to help address limita- 
tions when dealing with censored data(27). Indeed, these 


100 


FIGURE 5.4.2 


Immunofluorescent “Voronoi” derived image of pros- 
tate cancer stained with the epithelial marker Cytokeratin 18 and the 
nuclear stain DAPI (4’6-diamidino-2-phenylindole) from a formalin-fixed, 
paraffin-embedded prostate needle biopsy. 


tools will become even more important for the effective inte- 
gration and assessment of patient-specific content-rich pro- 
tein and genomic/genetic profiles when defining a treatment 
course or determining a response to therapy. 


E CONCLUSIONS 


Systems precise pathology represents a methodological 
shift in translational—diagnostic/prognostic pathology. 
The technical advances outlined above for prostate 
cancer exemplify some of the ways in which phenotypic 
characteristics contained within the diagnostic specimen 
(tissue or fluid) can be routinely extracted and employed, 
in a clinical setting, for routine patient management. This 
suggests that the incorporation of a systems-based approach 
using functional histology, quantitative biomarker expres- 
sion, and advanced mathematics should provide a useful 
framework for further advancing personalized medicine 
and selective therapy design. By incorporating the patient’s 
own specimen, the treating physician (together with the 
“primary care pathologist”) is able to construct a disease 
blueprint beneficial for optimizing health outcomes, reduc- 
ing adverse events from drugs that are otherwise likely to 
fail and thereby providing a rational framework for a more 
dynamic, long-term personalized treatment regimen. 
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E INTRODUCTION 


Over the past two decades, Positron Emission Tomography 
(PET) has become one of the most indispensible tools in 
the management of oncologic diseases. It has continued 
to play a vital role in diagnosis, prognosis, and screening. 
PET is a three-dimensional imaging technique that can pro- 
vide unique molecular and metabolic information on the 
disease, leading the way to identify and monitor genomic 
modulation that forms the basis of oncogenesis on a cellular 
level. Today, PET is primarily driven by a glucose analogue 
labeled with a radionuclide, fluorine-18, injected systemi- 
cally that provides molecular characterization essential 
for the management of many diseases. Glucose is taken 
up by cells, indicating their metabolic activity by the vir- 
tue of their regional glucose consumption. The F-18 then is 
trapped within the cells due to phosphorylation of glucose. 

The positrons emitted by these radionuclides travel a 
short distance (up to 2 mm) and encounter an electron, 
resulting in emission of two 511 keV gamma rays in the oppo- 
site direction. The PET gantry then detects the annihilation 
electrons in coincidence, and computers reconstruct sec- 
tional images of the tissue into which the positron-emitting 
radionuclide was deposited. This oversimplified PET pro- 
cess forms the basis of its worldwide expanding role in 
medical practice. The global interest in this technology has 
led to the study and use of many other positron-emitting 
radionuclides. This enlarging the library of compounds has 
contributed to the assessment of biological processes and 
transduction pathways that govern neurologic, cardiovas- 
cular, and oncologic diseases and their treatment. 

This chapter focuses only on the role of PET in the 
management of prostate cancer. It gives an overview of this 
enormously large, highly successful, yet often challenging 
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imaging modality. It must be stressed that PET is com- 
plemented by computerized tomography (CT) in a hybrid 
imaging modality approach. This merger of imaging tech- 
niques has allowed PET to take a pivotal role in the screen- 
ing, diagnosis, and staging of the majority of neoplasms. 
Prostate cancer is a common, yet heterogeneous and 
biologically complex disease. As the leading solid tumor in 
men in the United States, prostate cancer is associated with 
significant controversy, high morbidity, and considerable 
emotional and financial cost. As a result of the heteroge- 
neity and the biological complexity of prostate cancer, it 
creates challenges in screening, diagnosing, differentiating 
indolent from aggressive disease, determining the effective- 
ness of therapeutic interventions, and detecting its recur- 
rence. Accurate staging of the high-risk patient is vital for 
the multidisciplinary management of prostate cancer. In 
order to address many of these needs, molecules have been 
developed and evaluated specifically for PET imaging of 
prostate cancer (1,2). A few promising agents are reviewed 
below that outline the current status of PET imaging in the 
management of prostate cancer. The mechanisms of the 
radionuclides used in the detection of prostate cancer and 
described in this chapter are illustrated in Figure 5.5.1.1. 


E F-18-FDG 
Primary Imaging 


This radiopharmaceutical, which has contributed so exten- 
sively to the management of oncologic diseases in general, 
has played a limited role in the diagnosis and staging of 
prostate cancer (3). This weakness of F-18-FDG is attrib- 
uted to many parameters which include the poor uptake 
of the tracer in slow growing prostate cancer, its nonspe- 
cific uptake in normal and benign masses, and its exten- 
sive accumulation in the urinary bladder in proximity to 
the prostate gland. Similarly, F-18-FDG uptake in benign 
prostate hyperplasia (3) and in prostati- 
tis (4) can lead to false-positive imaging 
results that may result in overtreatment. 
Despite these limitations, in one study in 
men with Gleason score of 7 or greater, 
sensitivity of 80% and positive predic- 
tive value of 87% were reported (5). 
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FIGURE 5.5.1.1 
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Radionuclides in the detection of prostate cancer. The mechanisms of the radionuclides (blue boxes) used in the detection of 


prostate cancer are displayed. Currently, '8F-FDG is the most frequently used radionuclide for detecting metastatic disease; followed by '"'C/'®F- 
choline and 'C/'8F-acetate. These biomarkers help detect intracellular processes (yellow boxes), including glucose metabolism, lipid synthesis, 
and cell membrane synthesis. Novel radionuclides include androgen receptor (AR) ligands, amino acid (AA) derivatives (e.g. anti-l-amino-3-1-!8F- 
fluorocyclobutane-1-carboxylic acid [anti-'8F-FACBC]}, and ligands to protein biomarkers (brown boxes) specific to prostate cancer cells. 

Note: solid arrows = “converted to”; dashed arrows = “involved in” / “leads to”; Figure adapted from Zaorsky et al. A paradigm shift from anatomic 


to functional and molecular imaging in the detection of recurrent prostate cancer. Future Oncol. 2014;10(3):457-474. 


However, much greater sensitivity (85%), specificity 
(100%), positive predictive value (100%), and negative pre- 
dictive value (68%) were reported for detection of pelvic 
nodes with metastatic disease (6). Furthermore, F-18-FDG 
has been found to be useful in staging of advanced prostate 
cancer in patients with rising PSA and to have significant 
advantages over In-111-Capromab Pendetide scintigraphy 
in the detecting of metastatic disease (7). 


Staging 


A large portion of prostate cancer patients suffer from 
rising PSA following definitive local therapy. Additional 
treatment decisions rely on determining if the disease 
recurrence is in the prostatic bed or has metastasized 
elsewhere. Results of several studies indicate with high 
sensitivity and specificity that F-18-FDG PET imag- 
ing can be useful in staging the disease in such a group 
of patients(8,9). Another study in a limited number of 
patients also showed decreased quantitative regimens of 
chemotherapy (10). Despite the occasional encouraging 
reports, the use of F-18-FDG in the routine management 
of prostate cancer patients has remained limited and the 


search has continued in the development of improved 
agents that may address these issues with greater utility. 


C-11/F-18-Acetate 


Acetate is a common anion in biology and is primar- 
ily utilized in the form of acetyl coenzyme-A (CoA) in the 
synthesis of fatty acids. In prostate cancer cells, extensive 
involvement of fatty acid synthesis pathways has been sug- 
gested (11) and the importance of CoA synthetase in C-11- 
acetate cell uptake has been demonstrated (12). The lack of 
urinary excretion of C-11-acetate contrasts with the exten- 
sive bladder uptake of F-18-FDG and adds to the potential 
utility of C-11 acetate in PET imaging of prostate cancer. 

A comparative study of C-11-acetate with F-18-FDG 
in a small group of patients with prostate cancer con- 
cluded that the C-11-acetate was a more sensitive tracer 
than F-18-FDG (13). Similarly, a recent study in which 107 
men were imaged with 
C-11-acetate before radi- 
cal prostatectomy demon- 
strated that C-11-acetate 
was more sensitive for 
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diagnosis of nodal metastatic disease than current imag- 
ing methods (14). C-11-acetate may also be useful in pros- 
tate cancer recurrence in patients who had been treated 
with radiation or had prostatectomy; however, false posi- 
tive rates of approximately 15% were reported (15). C-11- 
acetate therefore remains a promising radiopharmaceutical 
in the management of prostate cancer patients. 

The physical half-life of 20 minutes for C-11, however, 
prevents it from use in most institutions that do not have 
their own cyclotron required for the production of C-11. 
Due to its longer half-life (110 min), F-18 has been chosen 
as a tracer for acetate (16). Just as for F-18-FDG, the longer 
half-life of F-18-acetate permits its regional commercial 
availability. One study in cynomolgus monkeys reported 
that F-18 acetate is not a physiologically comparable ana- 
logue of C-11-acetate (17). In rodents, however, several fold 
greater tumor uptake with F-18-acetate than C-11-acetate 
was observed (16). The true potential of F-18-acetate in 
prostate cancer patients largely remains unexplored. 


C-11 and F-18-Choline 


Choline plays an important role in cell membrane syn- 
thesis and phospholipid metabolism and functions as a 
methyl donor for DNA methylation. Choline supports cell 
proliferation through its role in cell membrane synthesis. 
Prostate cancer cells show elevated levels of choline and 
certain choline metabolites (17, 18). 

Under aerobic conditions, prostate tumors exhibit 
higher H3-choline uptake 
than that of C-14-acetate 


CH, Bre 
and F-18-FDG(19). In NV Nie 
hypoxia, however, tumor HOS Jon F 
uptake of choline is lower 11C-choline | |'8F-fluorocholine 


than that of acetate and 
F-18-FDG (19). Choline has been radiolabeled both with 
C-11 and F-18 and studied in patients (20-25). 

Overall, both tracers have shown significant prom- 
ise for detecting primary, recurrent, and metastatic pros- 
tate cancer. In staging prostate cancer, some uncertainty 
remains as to its diagnostic sensitivity in patients with low 
levels of PSA following radical prostatectomy, external- 
beam therapy, and brachytherapy (22). The low sensitivity 
at low PSA values may limit the use of F-18-choline in 
prostate cancer salvage therapy. A similar conclusion has 
been drawn by another group in imaging recurrent pros- 
tate cancer in which they noted that the imaging results 
were dependent on the PSA level. Abnormal tumor activ- 
ity was noted in 88% of the patients with PSA levels > 
1.1 ng/mL (23). A Zurich group reported that F-18-choline 
PET imaging promises to play an important role to 
determine therapeutic treatment in patients with recurrent 
prostate cancer (24). 

With C-11-choline, false positives were reported in 
patients with benign prostatic hyperplasia (25). The tech- 
nique, however, has been found to be useful in detect- 
ing lymph nodes and distant metastatic lesions (25). For 
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detecting primary tumors, these tracers have shown 
conflicting results with the sensitivity ranging from 55% to 
87% for C-11-choline (26). The uptake of both C-11-choline 
and F-18-choline overlaps among cancerous, benign pros- 
tatic hyperplasia, and prostate cancer and did not correlate 
with tumor grade, PSA, Gleason score, tumor volume, or 
with cellular proliferation (26). Although C-11-choline 
promises to be useful in imaging nodal metastases, detecting 
local recurrence, and visualizing distant metastases, with 
high sensitivity, the use of C-11-choline has remained limited 
only to a few centers, primarily because of the short half- 
life of C-11. As noted previously, F-18 has a longer half-life, 
facilitating commercial use. This form of choline has renal 
excretion which may lead to bladder activity artifacts (26). 


F-18-Sodium Fluoride (F-18-NaF) 


For prostatic cancer, bone is the most common site for 
metastatic lesions. Technetium-99m-—based tracers under- 
estimate the burden of bone metastases and cannot pro- 
vide quantitative measure for determination of therapeutic 
responses (27). The uptake of fluoride ions in hydroxyapa- 
tite is long known. Therefore, F-18-NaF, a long-standing 
agent, has resurfaced as a viable imaging agent due to 
the wide availability of PET/CT scanners. In addition, 
the recent shortage of Tc-99m and the recent reimburse- 
ment approval by the Centers for Medicare and Medicaid 
Services have contributed to its resurgence. 

In a study of the efficacy of Tc-99m methylene 
bisphosphonate planar bone scintigraphy, SPECT, F-18- 
NaF PET, and F-18-NaF PET/CT were performed and 
compared in 25 patients with newly diagnosed pros- 
tate cancer with a Gleason score of > 8 and PSA levels 
of > 20 ng/mL. Sensitivity and specificity were 70% and 
57%, respectively, for planar bone scintigraphy, 92% 
and 82% for SPECT, 100% and 62% for F-18-NaF 
PET, and 100% and 100% for F-18-NaF PET/CT. This 
efficacy of F-18-NaF PET/CT in the detection of occult 
bone metastases enhances patient management (27). The 
very high sensitivity and specificity is preferable and may 
impact the clinical management of patients with high-risk 
prostate cancer (Figure 5.5.1.2) (28). It can be debated if 
detecting 10 bone metastatic lesions by one technique ver- 
sus 20 by the other in the same patient truly impacts the 
therapeutic management of the patient. The high false- 
positive rate, however, is a concern since it may lead to 
overtreatment. A true utility of F-18-NaF in daily routine 
application will be determined by the cost and by its avail- 
ability as compared with the current standard techniques. 


m FUTURE DIRECTIONS 


During the past two decades, great strides have been 
made by PET imaging with F-18-FDG and many other 
novel compounds discussed here. With the limitations of 
some of these agents noted in the management of prostate 
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Seventy-one-year-old man with prostate cancer. Tc-?9m-MDP bone scan 


(A and B) shows suspicious single metastatic lesion in T9. The F-18-NaF scan (C and D} shows mul- 
tiple metastatic bone lesions in T9, sacrum, and right-iliac crest S1 and S3. 


cancer, numerous disease-specific radiopharmaceuticals 
are being explored for this common disease. Many other 
agents are currently under study for the radiopharmaceu- 
tical imaging of prostate cancer and are beyond the scope 
of this chapter. 

There is a compelling need to develop more effective 
imaging to accurately screen for and stage prostate can- 
cer. Newer approaches to drug discovery are generally 
based on the improved understanding of the biochemical 
pathways that govern the pathogenesis of the diseases at a 
molecular level. 

Androgens promote prostate growth and help maintain 
its biological functions. Several androgen receptor (AR) 
specific agents have been investigated (28-30) includ- 
ing 16-beta-(F-18)-fluoro-5-alpha, dihydrotestosterone 
(F-18-FDHT). Similarly, anti-1-amino-3-1-F-18-fluorocy- 
clobutane-1-carboxylic acid (anti-F-18-FACBC) has been 
shown to accumulate in prostate cancer with relatively 
little renal excretion (31). These agents have paved the way 
to innovative approaches to address several issues that 
remain challenging in the management of prostate cancer 
patients. 

Targeting mutated gene mRNAs or genomic products 
expressed on prostate cancer cell surface can provide an 
excellent imaging approach. Incorporated with these novel 
biomolecules, specific for given genomic biomarkers, is an 
array of positron emitting radionuclides other than F-18. 
These include agents such as Cu-64 (t % = 12.7 hr), Cu-62 (t 
% = 9.8 min), 1-124 (t 1⁄2 = 4.2 d), Zr-89 (t 4 = 3.26 d), Ga-68 
(t % = 68 min), and C-11 (t % = 20 min) (32-34). Our own 
preliminary data in humans with breast cancer that targets 


a genomic biomarker, VPAC1 with a Cu-64-labeled spe- 
cific biomolecule, promises to selectively identify malignant 
lesions from benign masses by PET or positron emission 
mammography (PEM). This imaging may spare millions of 
patients from anxiety and trauma associated with unneces- 
sary biopsies and conserve billions of health care dollars in 
the United States (33). VPAC1 receptors are also expressed 
on the cells of prostate cancer of all types. This provides us 
with an opportunity to diagnose and stage prostate cancer 
in patients with the same Cu-64 biomarker. With the lack 
of urinary excretion, this biomarker adds to its virtues in 
prostate cancer imaging (34). Such genomic-based imaging 
agents and others in development will enhance PET utiliza- 
tion in diagnosis, staging, and perhaps in the future may 
find a role in screening. The recent addition of PET/MRI 
hybrid imaging will further invigorate PET utility in the 
management of patients with prostate cancer (35). Lastly, 
radionuclide targeting of prostate cancer-specific miRNAs 
19 to 25 nucleotides long may have utility in the diagnosis 
and treatment of prostate cancer (36). 
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Although T1- and T2-weighted MR sequences are the 
workhorse for assessing prostate morphology and iden- 
tifying potential areas of pathology, their accuracy is 
limited in T2 isointense prostate tumors and a variety 
of nonneoplastic etiologies of T2 hypointensity includ- 
ing inflammation, hemorrhage, scarring, and treatment 
changes. Recent advances in physiologic and functional 
sequences including diffusion-weighted imaging, dynamic 
contrast-enhanced (DCE) MRI, and MR spectroscopy 
have improved overall detection accuracy and have sup- 
plemented traditional T1- and T2-weighted imaging (1-5). 
In this chapter, we will address DCE and MR spectros- 
copy methods. 


E DCE MRI 


DCE MRI is a physiologic imaging method based on the 
fact that most prostate cancers demonstrate increased 
angiogenesis, which like many other cancers leads to ear- 
lier and more intense enhancement and faster wash-out 
compared with normal tissue. After gadolinium injec- 
tion, the signal intensity of prostate tissue is measured as 
a function of time, and by comparison to the signal curve 
from a nearby artery, the underlying tissue permeability 
and microvascular flow can be calculated. Increased tis- 
sue permeability and increased microvascular volume 
and flow correlate with higher likelihood of underlying 
cancer (1,4). 

In addition to tissue permeability, the DCE series can 
assess tissue wash-in and wash-out characteristics. Both 
rapid wash-in and rapid wash-out are also associated with 
increased likelihood of underlying cancer(2,6). Using 
the wash-in rate, Kim et al. noted that the sensitivity/ 
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specificity for prostate cancer was 96%/97% using DCE 
MRI compared with 75%/53% using T2-weighted 
sequence alone(2). The use of DCE also improves stag- 
ing through better detection of extracapsular extension 
with Bloch et al. reporting greater than 25% improve- 
ment in sensitivity with DCE compared with T2-weighted 
MRI alone (7,8). This is valuable in preoperative planning 
since extracapsular extension and seminal vesicle inva- 
sion may necessitate more extensive surgical resection. 
Figure 5.5.2.1 is anexample of a patient with biopsy-proven 
prostate cancer in the left lateral apex; the T2-weighted 
sequence does not demonstrate any appreciable abnormal- 
ity, but DCE MRI demonstrates both rapid wash-in and 
rapid wash-out suggesting underlying malignancy. 


m MR SPECTROSCOPY 


MR spectroscopy assesses underlying tissue metabo- 
lism by identifying metabolites through their different 
chemical shifts in response to the magnetic field. Normal 
prostate tissue demonstrates high citrate concentration 
and relatively low choline. Prostate cancer tissue spectra 
demonstrate increased choline and decreased citrate, and 
therefore an increased choline-to-citrate ratio is the most 
reliable marker of malignancy, particularly in the periph- 
eral zone. Depending on the number of standard devia- 
tions above the mean of the ratio of (choline+creatine)/ 
citrate, a score from 1 to 5 can be assessed for each voxel, 
with a score of 1 representing a ratio less than 1 SD above 
the mean and 5 representing > 4 SDs above the mean. 
A score of 4 or 5 is generally used to identify cancer (9). 
Figure 5.5.2.1 demonstrates significantly increased cho- 
line and decreased citrate in the region of biopsy-proven 
prostate cancer. 

MR spectroscopy has been shown to improve pros- 
tate cancer detection and localization(1,3) and cancer 
volume measurement in the peripheral zone (10). The com- 
bined sensitivity/specificity for combined MRI and MR 
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FIGURE 5.5.2.1 (A) T2 weighted, (B) DWI, (C) ADC, (D) wash-in DCE MRI, (E) wash-out DCE MRI, and (F) MR spectroscopy sequences in this patient with biopsy-proven prostate cancer in the 
left lateral apex who demonstrates no significant T2 signal abnormality (A). Diffusion-weighted imaging with corresponding ADC demonstrates restricted diffusion in the left lateral apex (B, C), and 
both wash-in and wash-out DCE show rapid wash-in and wash-out (D, E). MR spectroscopy demonstrates increased choline peaks and decreased citrate peaks suggestive of cancer. 
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spectroscopy is 91%/95% (11). In addition to improving 
detection accuracy, the use of MR spectroscopy has also 
demonstrated improvement in prostate cancer staging, 
particularly in the detection of extracapsular extension 
(12-14). However, some studies have demonstrated simi- 
lar accuracy with or without spectroscopy (15) and others 
have suggested an unacceptably high number of false posi- 
tives (16), which can occur from stromal benign prostatic 
hyperplasia, prostatitis, or inclusion of signal from the 
seminal vesicles. MR spectroscopy can also be limited by 
low sensitivity due to partial volume averaging in smaller 
cancers. 


m CONCLUSION 


DCE MRI and MR spectroscopy are valuable comple- 
mentary tools to T1/T2 and diffusion weighted images 
for accurate diagnosis and staging of prostate cancers, 
and they should be part of any comprehensive prostate 
MRI. Many recent studies have demonstrated significant 
added value of DCE and spectroscopy when used together, 
including a combined DCE and spectroscopy accuracy of 
85% (16), improvement in prostate cancer localization 
and characterization (1,5), and nearly double the detec- 
tion of cancer in a patient cohort with previous negative 
transrectal ultrasound-guided biopsy compared with those 
undergoing repeat ultrasound-guided biopsy (17). Staging 
accuracy is also improved with the use of both DCE and 
spectroscopy as a result of greater accuracy in detection 
of extracapsular extension (3, 7, 8, 13, 14). Increasing use 
of 3T field strength, improvements in sequence design and 
postprocessing software, and greater understanding of the 
correlation between pathophysiology observed on func- 
tional imaging and actual pathology will result in even 
greater utility of these newer sequences. 
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E INTRODUCTION 


Prostate cancer is the most commonly diagnosed cancer in 
American males, with over 238,000 new cases and over 
29,000 deaths expected in 2013, accounting for 28% of 
newly diagnosed cancer in American men(1). Since its 
inception in 1968 transrectal ultrasound (TRUS) imaging 
of the prostate occupies a central role in the diagnosis of 
prostate cancer. However, conventional TRUS imaging of 
the prostate is not without pitfalls. Though prostate cancer 
is traditionally described as hypoechoic lesions on ultra- 
sound (US), it may manifest as isoechoic lesions (40%) or 
even hyperechoic ones (1%) (2). Our own data suggest that 
imaging findings on grayscale US are a poor predictor of 
prostate cancer (3). Furthermore, in one autopsy series, 
grayscale TRUS demonstrated only a 30% sensitivity for 
detection of prostatic malignancy (4). This chapter reviews 
the current literature on US adjuncts for prostate biopsies 
including color Doppler US, power Doppler US, three- 
dimensional US (3D US), and elastography, but largely 
focuses on contrast-enhanced ultrasound (CEUS). 


m COLOR AND POWER DOPPLER US 


The tumor biology of prostate cancer and the associ- 
ated neoplastic angiogenesis result in hypervascular 
lesions, which may be evaluated with Doppler imag- 
ing. Previously, our group analyzed preoperative color 
Doppler imaging and correlated Doppler findings with 
final pathologic grade and stage, as well as with biochemi- 
cal recurrence in men with biopsy-proven prostate cancer. 
We reported that pathologic outcomes (tumor grade and 
seminal vesicle invasion) and relapse rates were worse in 
those men who demonstrated increased flow on preopera- 
tive color Doppler compared with those with normal flow 
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patterns (5). Based on this observation, the clinical value 
of color Doppler US seems evident. To date, several inves- 
tigators have studied the utility in color Doppler US to 
improve cancer detection. However, the data are conflict- 
ing. Initial reports had wide variations in sensitivities and 
specificities (6,7). More recent data from our group also 
confirms that color Doppler US by itself does not have 
the sensitivity to replace random biopsy templates (8). 
However, color Doppler is a useful adjunct, as targeted 
cores had a higher cancer detection rate than random 
cores and abnormal color flow was strongly associated 
with higher Gleason scores 8-10 (9). 

Power Doppler US differs from traditional color 
Doppler US in that power Doppler displays the amplitude 
of the Doppler signal, while color Doppler displays the 
frequency of the Doppler shift. Power Doppler has two 
main advantages over color Doppler. First, power Doppler 
is more sensitive to slow flow and better for depict- 
ing smaller vessels. Second, power Doppler is less angle 
dependent than conventional color Doppler. This allows 
one to better track blood vessel continuity when a vessel 
changes its course. Despite these theoretical advantages, 
our own studies have failed to demonstrate added benefits 
of power Doppler over color Doppler (3, 8). 

Finally, though prostatic adenocarcinoma is hypervas- 
cular and will have large supplying vessels, the neoplastic 
microvessels themselves are below the resolution of con- 
vention color and power Doppler. However, CEUS repre- 
sents an evolving technological modality that can address 
this aforementioned problem to image neovascularity, as 
will be discussed later in this chapter. 


m 3D US 


Hamper et al. first examined the utility of 3D US in 16 men 
undergoing TRUS-guided prostate biopsy. Investigators 
performed a sextant biopsy and targeted biopsies in any 
hypoechoic lesion on conventional 2D or 3D. They found 
subjective improvement in lesion visualization but offered 
no statistical advantage of 3D imaging (10). In a later study 
of 180 patients, Mitterberger and colleagues performed 3D 
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TRUS staging imaging prior to radical prostatectomy and 
compared these preoperative findings to final pathologic 
staging. Overall, 3D TRUS had an 84% sensitivity and 
96% specificity in identifying macroscopic extracapsu- 
lar extension (11). To date, the role of 3D TRUS-guided 
prostate biopsy has yet to be determined. 


m CEUS 


CEUS utilizes intravenous microbubble agents that are 
1 to 10 microns in diameter. These microbubbles are 
either air- or gas-filled bubbles, coated with albumin or 
phosopholipid polymers, and are sufficiently small to 
traverse the rich microvasculature of prostatic adenocar- 
cinoma. Acoustic energy applied to the microbubbles may 
cause them to rupture or resonate, thereby enhancing the 
vascular signal and providing improved signal to noise 
for visualization of vascular anatomy. CEUS affords the 
opportunity to visualize neovessels that would be missed 
by conventional Doppler and to identify potentially 
neoplastic areas. 

CEUS is typically performed through Doppler imag- 
ing or grayscale harmonic imaging. Both color and 
power Doppler CEUS employ high mechanical index 
(MI) US waves. While high MI waves produce an intense 
Doppler signal by rupturing a large portion of available 
microbubbles, they do so in larger vessels before micro- 
bubbles can enter neoplastic microcirculation. This in 
turn limits imaging of neovascularity within suspicious 
areas. Conversely, grayscale harmonic imaging can be 
performed with lower MI in order to visualize harmonic 
signals that return from microbubbles that resonate 
without rupturing as they course into smaller malignant 
microvessels. Microbubble persistence into the neovascu- 
lature may be further enhanced with intermittent imag- 
ing modes that reduce the rate of microbubble rupture 
and destruction. 

Finally, flash replenishment is a grayscale imaging 
technique that utilizes an initial high-energy pulse that 
destroys microbubbles followed by a series of lower energy 
pulses that visualize microbubble reentry into the micro- 
vasculature. The low-energy pulses result in a harmonic 
signal from resonating microbubbles as these bubbles enter 
the microvasculature. This harmonic signal is imaged over 
multiple frames that are combined in a maximum intensity 
projection image, thereby highlighting the ultrastructure 
of malignant microvessels. For simplicity, our discussion 
will generalize CEUS into Doppler and grayscale har- 
monic imaging, both of which may be used to visualize 
vascularity associated with prostate cancer and to guide 
targeted biopsy of the prostate. 

Initial results from our institution utilizing CEUS with 
color and power Doppler and harmonic grayscale imaging 
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in 301 patients yielded an overall cancer detection rate of 
35%, with carcinoma found in 15.5% of targeted cores 
compared with 10.4% of sextant cores (P < 0.01). In addi- 
tion, individual targeted CEUS cores were twice as likely 
to return cancer (OR = 2.0, P < 0.001) as compared with 
traditional sextant cores (12). However, even though tar- 
geted biopsies alone detected 11% of cancers, this modal- 
ity also missed cancer 20% of the time. In a similar study 
by Frauscher et al. in 230 subjects, the authors noted an 
overall cancer detection rate of 30%, including 24.4% rate 
by targeted cores compared with 22.6% rate by system- 
atic cores (10-core template). In contrast to our findings, 
the difference in overall cancer detection between targeted 
and systematic cores was not statistically significant (P = 
0.58). Despite this, targeted cores were 2.6 times more 
likely to yield cancer than systematic cores (10.4% versus 
5.3%, P < 0.001) (13). In this report, CEUS alone missed 
cancer in only 5.6% of cases. In another large study of 
380 patients, Pelzer et al. reported similar findings. These 
investigators noted that CEUS missed cancer detection in 
10.2% of cases(14). Though this missed detection rate 
is inferior to that reported by Frauscher, it underscores 
the overall added value of CEUS. Furthermore, in a small 
study of 35 patients, Seitz and colleagues reported that 
contrast-enhanced TRUS performed significantly better 
than traditional TRUS in detecting cancer. The authors 
noted that on a per-patient basis, contrast-enhanced TRUS 
was superior to conventional TRUS with sensitivity, speci- 
ficity, positive predictive value, and negative predictive 
values of 71%, 50%, 91.7%, and 18.2% versus 45.2%, 
75%, 93.3%, and 18% respectively (P = 0.004, McNemar 
test) (15). Interestingly, Colleselli and colleagues reported 
superior cancer detection rates by CEUS than conven- 
tional US with 10-core biopsies in glands <20 cc (88.1% 
vs. 69%) and 20 to 30 cc (80.8% vs. 70.4%, P < 0.5), 
but failed to show appreciable difference in detection for 
higher prostate volumes (16). 

Several studies have shown that CEUS may also 
detect more aggressive and clinically significant can- 
cers than conventional methods. In a large study of 690 
men with PSA > 1.25 ng/mL or free-to-total PSA < 18%, 
Mitterberger et al. demonstrated a higher mean Gleason 
score in cores obtained utilizing CEUS than traditional 
grayscale imaging (6.8 vs. 5.4, P < 0.003). The range of 
Gleason scores was also higher for CEUS than for tra- 
ditional grayscale US (6 or greater vs. 4-6) (17). In our 
most recent experience, CEUS is also more accurate at 
finding higher grade cancer, as Gleason 7 cancer was 
found in 55% of targeted cores versus in 17% of system- 
atic cores (P < 0.001). In addition, targeted cores had 
higher volume disease (>50% core involvement) (18). It 
should be noted that men in this study were randomized 
to pretreatment with 2 weeks of dutasteride (see below) 
and had an abnormal DRE, elevated PSA, or PSA velocity 
of greater than 0.75ng/mL/y. 
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Despite these promising results, the acceptance of 
CEUS should be tempered by its shortcomings, as others 
have demonstrated no benefit of CEUS in the detection of 
prostate cancer. Taverna and associates examined prostate 
cancer detection in a screening population of men (PSA 
2.5 ng/mL-9.9 ng/mL) using traditional US (n = 100), 
color Doppler US (n = 100), and CEUS (n = 100). Patients 
undergoing traditional US had systematic biopsies, while 
patients undergoing color Doppler US or CEUS had both 
targeted and systematic biopsies. Overall, investigators 
found a 29.3% prostate cancer detection rate; however, 
they did not find a significant difference among the three 
groups (P = 0.329). Furthermore, color Doppler US and 
CEUS had poor sensitivities, specificities, and accuracy of 
23%, 68%, 53% and 54%, 42%, 47%, respectively (19). 

To better differentiate neoplastic and benign areas of 
the prostate several investigators have examined blood 
flow patterns with CEUS. Zhao and colleagues assigned 
a 5-point subjective blood flow scale (previously described 
by our group) during CEUS in 106 men undergoing pros- 
tate biopsy. They noted that increased blood flow during 
CEUS correlated not only with the presence of cancer, 
but also with higher Gleason sums (r = 0.66, r = 0.61, 
P < 0.001) (20). Using micro-flow imaging (MFI), a type 
of flash replenishment technique, Xie et al. performed 
both grayscale systematic biopsies and targeted MFI 
CEUS biopsies. The authors described 4 types of MFI pat- 
terns. They found that the sensitivity, specificity, accuracy, 
and positive and negative predictive values for MFI were 
81.1%, 84.3%, 83.3%, 68.6%, and 91.3%, respectively. 
The authors also noted Gleason scores of cancers with 
MFI patterns 3 (7.09) or 4 (7.51) were significantly higher 
than those with patterns 1 (6.17) or 2 (6.59) (P = 0.001, 
P = 0.005, P < 0.001, P < 0.001) (21). These studies high- 
light the importance of grading schemes to improve the 
diagnostic capability of CEUS. 

In order to increase the efficacy of CEUS, several 
investigators have utilized pharmacologic augmentation 
of prostatic microcirculation. Morrelli et al. evaluated 
the use of vardenafil 20 mg given 1 hour prior to CEUS 
in 150 men with a PSA of 4 ng/mL or greater. All sub- 
jects had a standard 12-core biopsy with grayscale US, 
and then they had targeted biopsies under CEUS and 
vardenafil-enhanced CEUS. The authors reported higher 
cancer detection rates with vardenafil-enhanced CEUS 
compared with normal CEUS and standard US (41.2% vs. 
22.7% vs. 8.1%, P < 0.005 and < 0.001, respectively) (22). 
Conversely, So-reductase inhibitors (SARIs) should 
decrease blood flow to areas of “high noise” such as those 
harboring benign prostatic hyperplasia or chronic prosta- 
titis. Initial reports showed promise. In small cohort of 36 
patients, Mitterberger et al. demonstrated that a 2 week 
course of dutasteride decreased blood flow to benign 
prostatic tissue but not to cancerous areas (23). However, 
in a large randomized, double-blind trial, our group 


pretreated 272 patients with dutasteride for 2 weeks and 
found no difference in cancer detection in the dutasteride 
group compared with placebo in both targeted (15.3% 
vs. 17.3%, P = 0.35) and sextant core biopsies (7.8% vs. 
9.1%, P = 0.21)(18). These mixed results underscore the 
need to refine CEUS technology. 


E ELASTOGRAPHY 


Elastography or sonoelastography has been introduced 
more recently as an adjunct for TRUS to improve detec- 
tion of prostate cancer. Elastography takes advantage 
of the fact that cancerous prostate tissue is more dense 
and, therefore, less elastic than normal gland tissue. 
Several techniques have been devised to measure tissue 
elasticity in vivo, including manual compression, vibro- 
acoustography, Acoustic Radiation Force Impulsion 
(ARFI), and shear wave imaging(24). In the simplest 
model of manual compression, an elastogram is generated 
when the operator compresses and decompresses a target 
area, and the resulting changes in the reflected radiofre- 
quency pattern are translated into a color-coded map of 
tissue strain. ARFI and shear wave imaging provide newer 
methods for elastography that do not require manual tis- 
sue compression and may therefore be less subject to dif- 
ferences in operator technique. 

Koenig and colleagues noted that in targeted 
sextant biopsies in 404 patients, cancerous tissues cores 
demonstrated abnormalities 84.1% of the time on elas- 
tograms(25). In the largest elastography study to date 
in 492 men, Pallwein et al. performed elastography with 
prospective scoring of lesions prior to systematic 10-core 
biopsy. The authors reported an overall cancer detection 
rate of 25.4%. Elastography demonstrated sensitivity and 
specificity of 86% and 72%, respectively, with a nega- 
tive predictive value of 91.4% (26). Our group reported in 
137 subjects that targeted cores are almost twice as likely 
to yield a cancer diagnosis than random cores (OR = 
1.84, P = 0.004) (9). However, elastography detected no 
abnormality in 53.8% of areas ultimately found to have 
neoplasia. Though more research is needed, these studies 
demonstrate the promise of elastography. 


E FUTURE DIRECTIONS 


In order to increase the affinity of microbubbles to target 
neoplastic areas, several investigators have investigated tar- 
geted contrast agents. A major limitation in this endeavor 
is that US microbubble contrast agents remain within the 
vasculature and cannot be targeted directly to antigens on 
prostate cancer tissue. Nonetheless, it is possible to target 
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these microbubbles to antigens within neovessels, such 
as VEGFR2. Tardy et al. examined the utility of BRSS, 
a VEGFR2-specific contrast agent against SonoVue™ 
(Bracco Diagnostic, Italy). Though both contrast agents 
showed early phase enhancement, the SonoVue™ was 
rapidly eliminated. However, BR55 showed late phase 
enhancement due to VEGFR2 binding. Theoretically, in 
humans, this late stage binding will allow improvement 
in target to background discrimination and will result in 
improved yield of CEUS-targeted biopsies (27). A similar 
study by Fischer et al. also demonstrated superiority of a 
VEGFR2-targeted agent over a nonspecific agent in both 
early inflow analysis and specific accumulation in prostate 
cancer after 20 minutes(28). Both reports demonstrate 
promising advances in antigen-specific targeting for the 
future of CEUS. 


m CONCLUSION 


Given the recent controversy over PSA screening and 
the detection of clinically insignificant prostate cancer, 
the onus of diagnosing clinically relevant prostate can- 
cer with minimal morbidity is more important now than 
ever. CEUS and elastography are two emerging adjuncts 
to conventional TRUS that may allow selective detec- 
tion of higher grade prostate cancer, and are therefore 
likely to play an important future role in prostate cancer 
care. The United States Preventative Service Task Force 
cited the morbidity of prostate biopsies including biopsy- 
related infections (29). Both CEUS and elastography may 
be able to mitigate these risks, as CEUS-targeted biopsies 
require fewer than half the number of cores as compared 
with systematic biopsy for diagnosis of cancer (30). Taken 
together, all these data support the continued investiga- 
tion of CEUS and elastography as important adjuncts to 
conventional TRUS. 
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Serum prostate-specific antigen (PSA) screening has 
resulted in a dramatic shift toward detection of prostate 
cancer at earlier stages of disease, with a decrease in the 
number of men with metastatic disease at the time of their 
diagnosis (1). Despite this trend toward the diagnosis of 
lower risk prostate cancer in the PSA era, 20% to 35% of 
newly diagnosed patients are classified as high risk, based 
on PSA level, prostate biopsy Gleason score, and/or clini- 
cal examination (2). Those diagnosed with clinically local- 
ized, high-risk prostate cancer are at greater risk of failing 
local therapy after radical prostatectomy (RP) or radiation 
therapy (RT), with subsequent higher rates of disease pro- 
gression and prostate cancer-specific mortality (PCSM) 
than lower risk prostate cancer patients. Because antici- 
pated outcomes for local treatment options are signifi- 
cantly worse, men with high-risk cancer require different 
counseling than their lower risk counterparts, including 
discussion of anticipated oncologic outcomes, recovery of 
functional outcomes, and the potential need for secondary 
therapies. 

While controversy exists regarding the need to treat 
men with low-risk prostate cancer, men with clinically 
localized, high-risk cancer unequivocally benefit from 
treatment as long as the man is of reasonable age and 
health. In the U.S. Prostate Cancer Intervention Versus 
Observation Trial (PIVOT), men with intermediate- and 
high-risk prostate cancer demonstrated an improved PCSM 
with RP compared with observation (3). Similar findings 
were reported in the Scandinavian Prostate Cancer Group 
(SPCG) Study 4 randomizing men with prostate cancer 
to RP or observation(4). Finally, the randomized trial 
SPCG-7 demonstrated improvement in both PCSM and 
overall survival with RT plus androgen deprivation ther- 
apy (ADT) compared with ADT alone (5). Thus, while the 
preferred treatment paradigm has yet to be defined, local 
therapy in men with clinically localized, high-risk pros- 
tate cancer is certainly preferable to observation or ADT 
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alone. Unfortunately, no appropriately powered random- 
ized trials have compared outcomes following the various 
active forms of local treatment. Nevertheless, physicians 
can counsel patients based on the guidance from several 
population-based and institutionally based retrospective 
studies that have reported oncologic and quality-of-life 
(QoL) outcomes following treatment. In offering guid- 
ance, it is important that the physician take into account 
the patient’s overall clinical health and baseline urinary 
and erectile function, as well as the patient’s individual- 
ized preferences. In this chapter, we are reviewing impor- 
tant considerations for men with clinically localized, 
high-risk prostate cancer, including treatment options and 
strategies for counseling these men. 


E ESTABLISHING REALISTIC 
EXPECTATIONS 


Patients with newly diagnosed, clinically localized, high- 
risk prostate cancer must be counseled regarding the risk 
their cancer poses to them. These men should be informed 
that much of the current attention in the media and the 
scientific literature suggesting that prostate cancer screen- 
ing should be discouraged and that this disease is over- 
treated in the majority of men is not applicable to their 
situation (6). In PIVOT, 731 men were randomized to RP 
or observation. While the study showed no overall benefit 
for surgery compared with observation (7), the subgroup 
of men meeting the National Comprehensive Cancer 
Network (NCCN) definition of high-risk disease who 
were treated with RP had significant reductions in PCSM 
at 12 years compared with the observation arm (9.1% vs. 
17.5%, P = .04). Although many prostate cancers may not 
need immediate treatment, cancers with high-risk fea- 
tures carry a significant risk for progression to metastasis 
and cancer-specific death; therefore, men with high-risk 
features are poor candidates for observation. 
Approximately 30,000 men die of prostate cancer every 
year in the United States. Although the majority have high- 
risk features at the time of their diagnosis, not all men with 
clinically localized, high-risk prostate cancer will die of 
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their disease (8). Depending on the definition of high-risk 
disease, local treatment with either RP or RT results in 
progression-free probability of 49% to 80% (9). Furthermore, 
in the event that the patient is not “cured” with local treat- 
ment, death from prostate cancer is not likely to be immi- 
nent; there is frequently a long interval from diagnosis to 
death, on the order of years to decades, rather than weeks 
to months(10). Results from a recent multi-institutional 
study demonstrated that men with clinically localized, 
high-risk prostate cancer treated with RP had a 15-year 
PCSM of 19%, which was significantly less than the 31% 
(95% confidence interval [CI], 26%—57%) mortality rate 
from competing causes (11). Finally, for patients who do not 
respond to local treatment, tremendous advances have been 
made in the treatment of metastatic prostate cancer. Since 
2004, six new therapies, all providing survival benefit for 
patients with metastatic disease, have been approved by the 
U.S. Food and Drug Administration (12). 

Conveying information about risk and potential recur- 
rence after local therapy may be challenging, but it is criti- 
cal for the patient to have an adequate perspective about 
his cancer. Once the patient has a better understanding 
of the risk his cancer poses, a more in-depth conversation 
regarding treatment options and goals can commence. 


E DEFINING CLINICALLY LOCALIZED, 
HIGH-RISK PROSTATE CANCER 


Prostate cancer is not a uniform disease, meaning every 
cancer does not carry the same risk and thus the same 
prognosis. As such, no one treatment strategy is appro- 
priate for every newly diagnosed patient. Even within 
the subsets of patients characterized as high risk there is 
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significant heterogeneity with a wide diversity of clinical 
features influencing oncologic outcomes. 

It is unclear how to best define high-risk disease. 
Yossepowitch and colleagues reviewed eight common 
definitions of high-risk prostate cancer (Table 6.1) (9). 
These definitions ranged from single clinical features such 
as clinical stage T3 (cT3) to multivariable models relying 
on several clinical factors. Depending on the definition of 
high risk, outcomes after treatment varied tremendously 
(Figure 6.1). This study highlights the importance of con- 
sidering the definition of high risk when comparing out- 
comes between studies. 

The American Urological Association, the European 
Association of Urology, and the NCCN all define high risk 
in a similar fashion, with patients presenting one or more 
of the following three characteristics: PSA > 20 ng/mL or 
Gleason grade > 4+4 or clinical examination > T3 (the 
American Urological Association uses clinical examina- 
tion of 2T2c). While risk-based groupings allow simple 
categorization of patients, they fail to distinguish the 
diversity of outcomes within any one group. For example, 
these groupings fail to distinguish a patient with multiple 
high-risk features from a patient with a single high-risk 
feature such that although both men are considered at 
high risk, they may have very different prognoses (13, 14). 
An alternative, although more complex, strategy for cate 
gorizing men into risk groups is to determine individu- 
alized risk through the use of multivariable models or 
nomograms. Nomograms incorporate multiple risk fac- 
tors that are proportionately weighted to their relative 
contribution, allowing more accurate assessment of the 
probability of treatment failure or, more important, the 
likelihood of metastatic progression or prostate cancer- 
specific survival. 


Eight high-risk prostate cancer definitions based on preoperative variables 


Definition No. High-Risk Definition Description No. Pts (% Cohort) 
1 Biopsy 8-10 Poorly differentiated Ca (4) 274 (6) 
2 Preop PSA 20 ng/mL or greater 275 (6) 

3 1992 TNM cT3 Locally advanced Ca (3) 144 (3) 
4 PSA 20 ng/mL or greater, 1992 TNM D’Amico high risk definition (1) 957 (20) 
cT2C or greater, or biopsy GS 8-10 
5 Nomogram 5-y PFP 50% or less Preop nomogram, 60% or less PFP is 391 (8) 
entry criterion for Ca + Leukemia 
Group B Trial 90203 
6 PSA 20 ng/mL or greater, 1992 TNM cI3 National Comprehensive Ca Network 605 (13) 
or greater, or biopsy GS 8-10 guidelines for clinically localized 
high risk Ca (6) 
y PSA 15 ng/mL or greater, 1992 TNM Entry criteria into neoadjuvant 1,752 (37) 
cT2B or greater, or biopsy GS 8-10 chemotherapy trials for high risk pts 
(21, 22) 
8 Preop PSA velocity greater than Increased risk of prostate Ca 952 (38) 


specific mortality after RP or 
radiotherapy (12) 


2 ng/mL/y 


“Percentage of 2,521 patients with calculable preoperative PSA velocity. 
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1) 274 110 51 28 11 2 1 
2) 275 146 106 66 30 14 4 
3) 144 63 34 13 6 2 1 
4) 957 557 375 213 112 36 10 
5) 391 198 124 75 35 11 3 
6) 605 295 179 100 42 16 4 
7) 1752 1094 727 429 230 76 20 
8) 952 564 308 163 65 10 1 
FIGURE 6.1 PFP for patients with high-risk prostate cancer by vari- 


ous definitions treated with RP alone. 


No one model for predicting risk is perfect; all are 
subject to the limitations of clinical assessment based 
on PSA, digital rectal examination, and prostate biopsy 
Gleason score. Clinical staging with digital rectal exami- 
nation is subjective and lacks clinical precision; approxi- 
mately 25% of patients classified with cT3 disease are 
down-staged to organ-confined disease at the time of 
RP(15). PSA levels reflect not only the burden of cancer, 
but also the volume of benign prostatic hyperplasia and 
the presence of inflammation. Gleason score is subjective, 
and thus dependent on the interpretation of the individual 
pathologist. In addition, a prostate biopsy does not sample 
the entire gland. Changes in Gleason grading between the 
biopsy specimen and the RP specimen have been demon- 
strated to occur in 36% of cases at tertiary care centers 
with expert dedicated genitourinary pathologists (16). The 
potential for error in each of these clinical features under- 
scores the importance of using multivariable models that 
use all available data rather than any single parameter. 


Workup to Better Define the Extent of the 
Patient’s Disease 


Patients with high-risk prostate cancer may have regional 
or distant metastasis at diagnosis. Before counseling the 
patient on treatment options, the extent of the disease must 
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be defined. The NCCN recommends technetium 99m 
(Tc99m) bone scintigraphy in any patient with NCCN- 
defined high-risk cancer (PSA > 20 ng/mL or clinical stage 
> T3 or Gleason score > 8) or any patient with cT2 disease 
and PSA > 10 ng/mL. Pelvic computed tomography (CT) 
or magnetic resonance imaging (MRI) is recommended 
only in patients with > cT3 disease or nomogram probabil- 
ity >10% for lymph node involvement (17). At Memorial 
Sloan-Kettering Cancer Center, prostate MRI is routinely 
performed prior to treatment since it may assist with treat- 
ment planning (either RP or RT). This is of particular 
importance for patients with high-risk disease, as they are 
at risk for extraprostatic extension. Knowing the location 
and extent of extraprostatic extension may better allow 
the clinician to plan the appropriate treatment for the indi- 
vidual patient. 

Because of the lack of specificity and sensitivity 
of bone scintigraphy, newer imaging modalities 
are being explored, such as fluorodeoxyglucose 'F posi- 
tron emission tomography (PET), !C-choline—acetate 
PET, '*F-fluorodihydrotestosterone PET, or single-photon 
emission CT scanning. Although various metabolic tracers 
combined with PET or PET/CT are encouraging and may 
have increased ability to detect bone lesions when com- 
pared with traditional Tc99m bone scintigraphy (18), one 
of the more promising new imaging modalities is whole- 
body MRI, which has the ability to detect both bony and 
soft tissue lesions and has the potential to replace other 
modalities used to evaluate for metastatic disease. Recent 
investigators have demonstrated that whole-body MRI 
may be more sensitive than bone scintigraphy in detect- 
ing metastatic lesions without any loss of specificity and 
equally effective as CT scanning for detecting adenopa- 
thy (19). Emerging imaging modalities to better assess the 
presence of micrometastatic lesions are likely to become 
an increasingly integral step in the evaluation of the high- 
risk patient. 


E TREATMENT OPTIONS 


Multiple treatment options are available for patients with 
clinically localized, high-risk prostate cancer. For patients 
with life expectancy > 5.5 years, RP or RT plus ADT are 
both preferred options according to NCCN guidelines (20). 
However, the CaPSURE database, a provider-based regis- 
try from a number of community-based urology practices, 
has demonstrated that 41% of high-risk patients receive 
ADT alone, compared with 24% and 28% who undergo 
RP or RT, respectively (21). Monotherapy with ADT is not 
curative, has the potential for significant harm, reduces 
QoL, and is not indicated for patients with asymptom- 
atic localized disease. The reasons for the continued use of 
ADT as the primary treatment option in this population 
are unclear, but this practice is strongly discouraged. 
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Surgery 


Historically, RP has not been a widely used treatment 
option for men with clinically localized, high-risk prostate 
cancer due to high rates of biochemical failure, coupled 
with the perception that surgical morbidity was higher 
in these men than in those with low- or intermediate-risk 
cancer. Improvements in surgical technique and the associ- 
ated outcomes have led some to question the view that sur- 
gery not be performed in the high-risk setting. The precise 
description of pelvic anatomy by Walsh and Donker led 
to a refinement in surgical approach, making for a safer 
and more reproducible procedure (22). This dramatically 
reduced convalescence and morbidity, with an associated 
improvement in functional recovery following RP. Results 
from recent surgical series suggest that continence can 
be preserved in most cases and is not influenced by dis- 
ease risk. Furthermore, in selected cases, potency may be 
preserved as well (23). Although biochemical recurrence 
(BCR) rates remain greater for patients with high-risk 
than lower risk disease, it has become increasingly clear 
that oncologic outcomes following RP rival or may sur- 
pass those of RT plus ADT. Additionally, surgery provides 
excellent local control (24) and can readily be combined 
with either adjuvant or salvage RT, which is well tolerated 
with minimal impact on functional outcomes. Although 
RP remains underused in men with clinically localized, 
high-risk disease, recent Surveillance, Epidemiology and 
End Results (SEER) data suggest that the use of RP alone 
in this setting has increased from 2% in 1998 to 10% in 
2005 (25). Provided that the patient is an adequate surgi- 
cal candidate and that the tumor has not invaded adjacent 
organs (cT4), RP is a reasonable treatment option. 

Progression-free probability after RP for patients with 
clinically localized, high-risk prostate cancer has been 
examined in multiple series and ranges from 49% to 80% 
at 5 years depending on the definition of high-risk dis- 
ease(9,26,27). More recent publications have placed a 
greater emphasis on PCSM because this is a more mean- 
ingful outcome. Stephenson and colleagues examined a 
multi-institutional cohort of more than 12,000 prostate 
cancer patients treated with RP and noted the 15-year 
PCSM was 19% for patients classified as high risk (11). 
This result compares favorably with the 50% to 70% 
PCSM reported for similar-risk patients from unscreened 
populations who received no curative treatment (28). 

RP is one of the most complex operations performed 
by urologists. Outcomes are sensitive to the surgeon’s 
experience and to the technique and approach used by 
the individual surgeon (29-31). It should be noted that, 
because of the high risk of extraprostatic extension, surgi- 
cal considerations for this population are different from 
men with lower risk disease. As in every RP, the most 
important goal is removing all local disease and achiev- 
ing a negative surgical margin. Even after adjusting for 
other prognostic factors, a positive surgical margin has 
been associated with as much as a fourfold increased risk 


PARTI œ Epidemiology, Screening, and Diagnosis 


for BCR (32). Importantly, unlike other prognostic factors 
such as PSA or Gleason score, a positive surgical margin 
is modifiable and dependent on surgical technique. While 
controversy exists regarding the role (staging vs. therapeu- 
tic) and extent of pelvic lymphadenectomy at the time of 
RP, our bias is to perform a complete pelvic lymph node 
dissection including the external iliac, obturator, and 
hypogastric nodes. RP may be curative for patients with 
limited regional nodal metastasis, and knowing the histo- 
logic status of the nodes may guide future treatment (33). 
In one series, progression-free probability following RP 
was reported to be as high as 79% 2 years after RP alone 
for patients with one positive node and a Gleason score < 7 
in the RP specimen (34). Even in men experiencing BCR in 
the setting of positive lymph nodes, clinical progression is 
not necessarily imminent, with many men experiencing a 
prolonged survival (35, 36). 

Despite encouraging long-term results after RP in men 
with clinically localized, high-risk prostate cancer, many 
men still experience BCR. As such, strong consideration 
should be given to enrollment in a clinical trial. Of partic- 
ular interest are trials with neoadjuvant chemo-hormonal 
therapy followed by RP, such as the currently accruing 
Cancer and Leukemia Group B randomized phase II 
study of RP alone versus neoadjuvant docetaxel plus ADT 
before RP (NCT00430183) (37). The goals of such trials 
are to obtain optimal local control while also addressing 
the potential metastatic component of the disease, as is the 
paradigm in multiple other malignancies (38-40). 


Radiation Therapy 


For high-risk patients who elect curative treatment with 
RT, level 1 evidence demonstrated a significant survival 
advantage with RT plus ADT rather than RT alone. The 
European Organisation for Research and Treatment of 
Cancer (EORTC) 22863 study recruited 415 men diag- 
nosed with cT1-2 World Health Organization (WHO) 
grade 3 prostate cancer, or cT3-4 NO-1 MO prostate 
cancer of any histologic grade, and compared RT plus 
adjuvant ADT (for 3 years) with RT alone (41). With a 
median follow-up period of 66 months, combination 
therapy yielded significantly better overall survival than 
RT alone (78% vs. 62%, P = .001). Updated results from 
this study were recently published, confirming the ini- 
tial findings and demonstrating 10-year overall survival 
rates of 40% in patients receiving RT alone and 58% in 
those allocated to combined treatment (hazard ratio [HR] 
0.60, 95% CI 0.45-0.80, P = .0004) (42). This landmark 
study clearly demonstrated that RT plus ADT is the 
standard of care for high-risk patients. Subsequent stud- 
ies have focused on the length of time ADT needs to 
be administered. While short-term ADT before and 
during RT has been shown to improve cancer con- 
trol and overall survival compared with no ADT (43), 
it may not be as effective as longer durations of ADT. 
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With a 5.2-year median follow-up, the 5-year over- 
all survival rate was 85.3% with 3 years of adjuvant 
ADT and 80.6% with 6 months of adjuvant ADT 
(HR 1.43; 96.4% CI 1.04-1.98) (44). Current NCCN 
guidelines recommend 2 to 3 years of neoadjuvant/ 
concomitant/adjuvant ADT for patients with high-risk 
cancers, whereas European Association of Urology 
guidelines recommend 3 years of adjuvant ADT for these 
patients. Thus, the patient at high risk should receive a 
minimum of 2 years of ADT and should be informed 
of the potential harms that may negatively impact QoL, 
such as decreased libido, erectile dysfunction, vasomo- 
tor symptoms, impaired cognitive function, and meta- 
bolic abnormalities. 

Modern RT techniques allow the administration of 
higher doses of radiation to the prostate without increas- 
ing adverse effects by using CT images and computer 
software to specifically conform the RT to the prostate. 
Higher radiation doses (often referred to as dose esca- 
lation) have been demonstrated to result in improved 
BCR-free survival (45-48) and in one study improved 
metastases-free survival(47). A recent retrospective 
study found that for patients with high-risk prostate can- 
cer, RT doses greater than 81 Gy were associated with 
reduced rates of BCR(49). The NCCN guidelines cur- 
rently recommend that high-risk patients should receive 
doses up to 81 Gy (17). 


Surgery Versus Radiation Therapy 


Although no adequately powered randomized controlled 
trials have compared RT (with or without ADT) with RP, 
recent publications may provide some insight and be used 
for counseling patients. The majority of these studies focus 
on oncologic outcomes from single centers or population- 
based data sets(50,51). Zelefsky and colleagues com- 
pared progression to metastasis and PCSM in a matched 
cohort of 2,380 prostate cancer patients treated with RP or 
RT (51). To account for potential differences in outcome 
related to practitioner experience, the study included only 
patients treated by two experienced surgeons or by four 
radiation oncologists focused on patients with prostate 
cancer. All patients treated surgically underwent an open 
RP with pelvic lymph node dissection, and patients who 
underwent RT received a prescription dose >81 Gy. After 
adjustment for case mix, RP in the whole cohort was asso- 
ciated with a reduced risk for metastasis (HR 0.35, 95% 
CI 0.19-0.65, p < .001) and PCSM (HR 0.32, 95% 
CI 0.13-0.80, p < .015). Note that the magnitude of the 
difference in outcome between treatment types was great- 
est for patients with higher-risk cancers (Figure 6.2). When 
the analysis was restricted to patients with NCCN-defined 
high-risk prostate cancer, the likelihood of dying of pros- 
tate cancer was more than double if RT was used (9.5%; 
95% CI 4.9%- 17.9%) rather than RP (3.8%; 95% CI 
1.2%-11.5%). 
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FIGURE 6.2 Predicted 8-year probability of metastases by 


preoperative nomogram risk, separately by treatment. Blue: radiation; 
gold: surgery. Dotted lines are 95% Cls. Probabilities are adjusted for a 
patient at the mean age for the cohort (64 years) treated at the end of 


the study (2002). 


Similar conclusions have been reached using 
population-based datasets (50,52,53). Abdollah et al., 
using SEER data, noted significantly lower mortality 
rates (both PCSM and non-PCSM) after RP than RT 
at 10 years for men younger than 70 years of age(52). 
For patients 70 to 79 years of age, there was no signifi- 
cant difference in PCSM between RP and RT groups, 
although both modalities demonstrated significantly bet- 
ter outcomes than observation. For patients older than 
80 years, RT was associated with lower rates of PCSM 
and non-PCSM than RP. In a separate study, Cooperberg 
et al. compared the outcomes of patients who received 
RP, RT, or primary ADT in the CaPSURE database (53). 
After adjusting for age and cancer risk, the HR for 
PCSM relative to RP was 2.21 (95% CI 1.50-3.24) 
for RT and 3.22 (95% CI 2.16-4.81) for ADT. The 
authors noted that the benefit of RP over other treat- 
ments increased with increasing baseline cancer risk. For 
example, patients in the highest-risk group had a 10-year 
rate of PCSM dramatically lower with RP (HR 36, 95% 
CI 21-57) than with RT (HR 46, 95% CI 29-68). 
Ongoing randomized controlled trials comparing RP 
with RT do exist but will take many years before they reach 
maturity (54). In the interim, retrospective studies provide 
increasing evidence that RP should be considered a stan- 
dard treatment option for men with clinically localized, 
high-risk prostate cancer. 


Functional Outcomes of Surgery Versus 
Radiation Therapy 


Oncologic outcomes are not the only consideration for 
patients with clinically localized, high-risk prostate 
cancer. QoL outcomes are also an important consider- 
ation for many patients. Understanding an individual’s 
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specific concerns with respect to QoL, as well as his 
baseline erectile function, urinary continence, and lower 
urinary tract symptoms, is paramount to helping him 
in his decision-making process(55). Similar to cancer 
outcomes, little data exist in terms of randomized trials 
evaluating QoL measures following RP relative to RT. 
As such, data must be extrapolated from reported results 
of tertiary referral centers and population-based cohorts, 
although the best of these studies include few men with 
high-risk disease (56-58). Despite these limitations, some 
clear patterns emerge and may be informative to patients. 
All treatment is associated with at least temporary dimi- 
nution of QoL with adverse effects on urinary and sexual 
function (58-60). Collectively, comparative studies indi- 
cate that RP is associated with an increased rate of uri- 
nary incontinence, RT is associated with greater urinary 
irritation and tends to have an adverse impact on bowel 
function, all treatments have a long-term negative impact 
on sexual QoL, and the differences between these treat- 
ments tend to equilibrate over time (61). These negative 
treatment effects are likely to be exacerbated in high- 
risk patients because of the need for adjuvant or salvage 
therapies. For patients who elect RT, adjuvant ADT has 
an added negative impact on QoL (58). Similarly, patients 
who receive adjuvant or salvage interventions after RP 
are likely to experience further adverse effects on health- 
related QoL (62-64). 


E MULTIDISCIPLINARY APPROACH 


Once the practitioner has ruled out radiographic evi- 
dence of metastatic disease, discussed the natural his- 
tory of clinically localized, high-risk prostate cancer, and 
reviewed the oncologic and functional outcome data for 
various treatment options, almost invariably the patient 
will then turn to the physician and ask, “What should I 
do?” The answer to this question should not come from 
a single physician or from several physicians in one spe- 
cialty area. It is imperative that patients receive counsel- 
ing from physicians in multiple fields who specialize in 
the management of prostate cancer. Ideally, these physi- 
cians will work together as part of a multidisciplinary 
team to most reliably present the patient with all of his 
treatment options and revealing all of the biases of the 
physicians involved (65). Relying on a single physician or 
a single type of specialist may not present a full picture. 
In addition, patients with high-risk prostate cancer have a 
fair probability of receiving treatment from urologic sur- 
geons, medical oncologists, and radiation therapists over 
the course of their disease management. Starting these 
relationships early will likely enhance patient satisfaction 
with their care. 
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m SUMMARY 


Advising the high-risk prostate cancer patient is diffi- 
cult, in large part due to the paucity of high-quality data 
comparing outcomes of different treatment modalities. 
Furthermore, ambiguity with clinical staging and lack 
of sensitive imaging modalities limit a clear definition 
of high-risk disease without pathologic staging. There 
is strong evidence that intervention with curative intent 
results in improvements in metastasis-free survival, pros- 
tate cancer-specific survival, and overall survival com- 
pared with observation. Unfortunately, although cure is 
possible for many patients, for others, initial local treat- 
ment may fail and require local adjuvant, salvage, or sys- 
temic therapy. 

Counseling patients with high-risk disease is fraught 
with a number of pitfalls, and much of the initial man- 
agement involves (re)educating the patient on how and 
why his disease may be different from a friend or rela- 
tive with prostate cancer, and how that may impact his 
treatment options or recommendations. Ultimately, the 
physician must convey the same information content to 
all patients with newly diagnosed prostate cancer, review 
the natural history of the disease, rule out metastases 
(in selected patients), discuss available treatment options 
including risks, try to tailor those treatments to what is 
best for the individual needs and desire of the patient, and 
encourage the patient to seek other opinions. Although 
the same pieces of information are being conveyed, the 
data and recommendations are different for men with 
high-risk disease and should be presented as such. In the 
future, genetic tests and improved imaging modalities may 
help us to better characterize an individual’s disease and 
guide the best therapy. Until that time, emphasizing to the 
patient the limitations of available data is critical in any 
complete discussion. 
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Early detection of prostate cancer was introduced in 
North America in the late 1980s with the advent and 
widespread adoption of prostate-specific antigen (PSA) 
testing. The result was an almost immediate dramatic 
spike in the number of new cases of prostate cancer, as the 
large reservoir of “prevalent” cases was diagnosed within 
a few years. This spike eventually attenuated as the pool 
of prevalent cases diminished and eventually returned 
close to baseline. Mortality from prostate cancer began to 
fall around this time (1995) and has continued to do so. 
There has been a 40% reduction in prostate cancer mor- 
tality rates in North America, and much of this has to do 
with early detection. 

The price of early detection, however, is the increased 
risk of overdiagnosis and overtreatment. Prostate cancer is 
widely prevalent; the likelihood of harboring the disease is 
equal to one’s age as a percentage, according to the Sakr 
autopsy studies (1). The strategy of PSA testing and biopsy 
at relatively mildly increased levels results in the diagnosis 
of a great number of men with extremely slow-growing, 
“latent” disease. Most, although not all, of these men have 
microfoci of Gleason 6 cancer. Since the advent of PSA 
testing, the management of virtually all newly diagnosed 
patients who have greater than a 10-year life expectancy 
has been surgery or radiation. 

In 2011, the U.S. Preventive Services Task Force 
(USPSTF) applied a level “D” recommendation to PSA 
screening (2). A level D recommendation means that there 
is no basis for using the test, since the risks outweigh the 
benefits. This recommendation was based on an extensive 
analysis of PSA testing, but the crux of the concern was 
the high risk of overdiagnosis of clinically insignificant 
disease and the high risk of overtreatment of that disease. 
The task force was also concerned about the lack of a con- 
sensus regarding indications for a biopsy and the thresh- 
old for an abnormal PSA. 

Overdiagnosis is a malady of modern medicine. 
Physicians have embraced new diagnostic tools with 
enthusiasm. These offer the promise of disease diagnosis 


Active Surveillance for 
Prostate Cancer: An Overview 


at a more treatable and more curable point in the disease 
trajectory. In addition, as evidence mounts on the impor- 
tance of mild abnormalities in affecting long-term health, 
disease definitions are often redefined to include mild 
abnormalities. The unintended and often unanticipated 
consequence of this is a stage shift toward diagnosis of 
much earlier conditions, and the diagnosis of “disease” 
in many patients who would never have been diagnosed 
before death in the absence of the screening test. 

In the prostate cancer field, we are at the forefront in 
grappling with the overdiagnosis problem, but many other 
disease sites share this with us. Overdiagnosis and over- 
treatment of disease occurs across the medical spectrum, 
including diabetes, chronic renal failure, hypertension, 
and breast, lung, and thyroid cancer. 

Overdiagnosis, when recognized, can be reduced, 
and the impact minimized. Solutions include restricting 
screening attempts to higher risk individuals and reducing 
the burden of therapy by avoiding unnecessary treatment. 
This is the rationale for active surveillance in prostate 
cancer. 

Many clinicians in the field believe that the USPSTF 
erred in making a level D recommendation. The clinicians 
cite the declining mortality from prostate cancer in 
screened populations, and the results of the ERSPC, which 
showed a 30% reduction in prostate cancer mortality with 
screening, a benefit that is likely to increase with further 
follow-up. However, the task force recommendation was 
driven not by blindness to the mortality benefit but by 
awareness of the risks of overdiagnosis and overtreatment, 
along with the well-known adverse effects of treatment. 

Prostate cancer clinicians have a choice. They can 
object strenuously to the task force recommendation, or 
they can wake up and hear the music. The task force rec- 
ommendation is a call for change and action. If the number 
needed to treat can be reduced by selective therapy, PSA 
screening will warrant a second and more positive look. 

In this sense, active surveillance not only improves 
quality of life and reduces side effects of therapy but also 
saves lives. How can less treatment improve prostate 
cancer mortality? Consider the following: PSA screen- 
ing saves lives by early detection. However, it can result 
in overtreatment. This has made it unpalatable to health 
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policy experts and patients. Thus, PSA screening has 
been discouraged, prostate cancers will be diagnosed 
late, and prostate cancer mortality will increase. Active 
surveillance, by reducing overtreatment and the num- 
ber needed to treat to avoid each death, will make PSA 
screening more attractive. This will likely increase the 
appeal of PSA testing to these constituencies, the number 
of screened patients will increase, and lives will be saved! 

Historically, conservative management was termed 
watchful waiting, based on the concept that local ther- 
apy was of little or no benefit, since most patients had 
very indolent disease and those with more aggressive can- 
cer were not likely to be cured. For these patients, it was 
determined at the time of diagnosis that there was no role 
for curative therapy, and patients were treated palliatively 
when distant metastatic disease became symptomatic or 
local progression was apparent(3). In some countries, 
particularly Scandinavia and the United Kingdom, this 
was the standard of care for newly diagnosed patients. In 
North America, this approach was taken for those with a 
limited life expectancy due to age or comorbidity. 

In contrast, the concept of active surveillance is that 
immediate therapy for men whose disease is likely to be 
indolent should be deferred, in most cases indefinitely, but 
implemented for evidence of risk reclassification for more 
aggressive disease (4,5). In contrast to watchful waiting, 
the intent is curative, not palliative; it involves close moni- 
toring and disease re-assessment, rather than a hands-off 
approach; and it is appropriate for men of all ages and 
health states, not just those with limited life expectancy. 

The rationale for this is based on the following 
assumptions. Prostate cancer has a high prevalence, and 
clinically significant disease is often detected. In most 
cases, patients with clinically insignificant disease can be 
differentiated from those with more aggressive cancer by 
clinical and pathological parameters. Definitive treatment 
has significant quality-of-life effects and costs. During 
surveillance, patients who harbor more aggressive disease 
can be identified and receive definitive treatment without 
reducing the likelihood of cure significantly. Finally, the 
psychological burden of living with untreated cancer has 
less impact on quality of life than unnecessary treatment. 
In fact, all of these assumptions have been demonstrated 
to be true in most cases, notwithstanding that there are 
occasional exceptions. 


E EVIDENCE TO SUPPORT THE ACTIVE 
SURVEILLANCE CONCEPT 


Autopsy studies have demonstrated a high incidence of 
occult prostate cancer in men dying of other causes. This 
incidence is roughly equal to age as a percentage; about 
30% in men younger than 40, 50% in men in their 50s, 
and 80% in men older than 80 (1). A recent comparative 
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trial of autopsies in men in Japan and Russia, neither 
population being exposed to PSA screening, showed that 
although the prevalence of cancer in both groups was 
high, the incidence of prostate cancer in Japanese pros- 
tates was similar to that of Russian (white) men aged 
20 years. Strikingly, the rate of Gleason 7 or higher cancer 
in the Japanese prostates was considerably greater, about 
50% of all prostates (6). Unsuspected prostate cancer was 
diagnosed in 25% of men enrolled in the Prostate Cancer 
Prevention Trial (PCPT), in which routine biopsies were 
performed at the completion of the trial(7). In men with 
a normal PSA and digital rectal examination (DRE), 15% 
harbored prostate cancer. This is striking compared to the 
3% lifetime risk of prostate cancer mortality. There is no 
doubt that PSA-driven biopsies identify this insignificant 
disease in many patients. 

There are three components to the surveillance 
approach: 


1. Patient selection 
2. Monitoring during surveillance 
3. Triggers for definitive intervention 
e Selection of patients who are at low risk of 
progression 
e Frequency and type of monitoring during active 
surveillance 
e Criteria for switching from surveillance to defini- 
tive therapy 


E PATIENT SELECTION 


There is a range of selection criteria in the prospective 
active surveillance series(8-17). This reflects the risk 
tolerance of the investigators. At the minimum, patients 
with minimal volume of low-grade disease and a PSA 
less than 10 are considered candidates. The most widely 
used definition for minimal volume is the Epstein crite- 
ria, defining such patients as having no more than two 
positive cores, no involvement greater than 50% on any 
one core, and a PSA density less than 0.15 (9, 18). This is 
based on clinical characteristics predictive of the tradi- 
tional Stamey definition of insignificant disease, namely 
less than 0.5 cc of Gleason 6 or less cancer. The Epstein 
criteria predicted the presence of organ-confined disease 
in 93%, although 20% harbored Gleason 7 cancer or 
had extra prostatic extension (19). 

A re-analysis of the definition of clinically insignifi- 
cant disease based on patients having a radical prosta- 
tectomy in the ERSPC study found that a more realistic 
definition was less than 1.4 cc of cancer. This group used 
a similar approach to Stamey, stratifying patients by can- 
cer volume and identifying the 50th percentile for volume, 
which identified the threshold for clinically insignificant 
disease (20). This has led many to view the Epstein criteria 
as overly stringent. 
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Some groups have used a more inclusive definition 
to include all patients with favorable risk prostate cancer 
according to the D’Amico definition, that is, Gleason 6 or 
less and PSA less than 10. Finally, there is mounting evi- 
dence that a small amount of Gleason 4 cancer in a field 
of Gleason 3 (i.e., 3 + 4 = 7) is also very indolent. Thus, 
many centers offer surveillance to these patients, particu- 
larly for those older than 65 years. In patients with more 
than a 10-year life expectancy, the percentage of Gleason 
4 should be no more than 10%. 

Several groups prefer to perform a confirmatory 
biopsy before offering patients surveillance (12). Others 
defer the biopsy for up to 1 year after the diagnostic 
biopsy. There is no evidence that the timing of this biopsy 
has any effect on long-term outcome, even if higher grade 
disease is identified. 

In a prospective experience in Toronto, led by this 
author, eligibility criteria consisted of clinical stage T1c 
or T2a prostate cancer, a Gleason score <6, and a serum 
PSA <10 ng/mL (21). For patients older than 70 years, less 
stringent criteria were applied (Gleason score < 7 [3 + 4], 
and/or PSA < 15 ng/mL). 

Although there is a consensus that Gleason <6 cancers 
are the primary candidates for active surveillance, there 
is increasing evidence that predominant Gleason 3 with 
a minority component of pattern 4 also have an indo- 
lent course. Grade inflation has been a real phenomenon 
since 2005, with the shift in the Gleason scoring system 
to include any higher grade cancer in the secondary score, 
regardless of how small the amount. The biopsy needle 
tangentially cutting a Gleason 3 acinus producing the 
appearance of cancer cells lacking a lumen (a characteris- 
tic of Gleason 4 pattern) is partly responsible for this. In 
one series, the proportion of biopsies with Gleason 7 can- 
cer increased from 26% to 68% after the introduction of 
the 2005 Gleason modifications, mostly at the expense of 
Gleason 6 cancers (22). This suggests that a grade migra- 
tion has occurred and that Gleason 3 + 4 may be similar in 
its behavior to what used to be called Gleason 6. 

Three series (23-25) have reported the results of the 
subset of men in this category (with Gleason 3 + 4) man- 
aged with surveillance. All studies have shown that their 
risk of progression requiring treatment is as low or lower 
than men with Gleason 3 + 3. 

Other factors must also be taken into consideration. 
Young age is not a contraindication to surveillance. The 
observation that 30% of men in their 30s harbor pros- 
tate cancer is incontrovertible proof that most “latent” 
prostate cancer is not destined to progress, even over 
a very long period. However, younger patients are 
exposed to the risk of progression for a longer period 
of time. They also, of course, have a longer period of 
time to experience the adverse quality-of-life effects of 
treatment, particularly erectile dysfunction and incon- 
tinence. Although these side effects are more common 
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in older men after treatment (26), they are more devas- 
tating in younger men. However, most experts at least 
agree that extensive Gleason 6 disease in a young man 
(younger than 50 years) should be treated. 

African Americans have been known for many years 
to have an increased incidence and mortality from pros- 
tate cancer. A recent study of African American men with 
low-risk disease having a radical prostatectomy showed 
that they had higher rates of upgrading (33% vs. 13%), 
positive margins (19% vs. 6%), and PSA recurrence (27). 
Therefore, race should be taken into account, but like age, 
it is not a contraindication to surveillance. 

Multiparametric magnetic resonance imaging (MRI) 
has an emerging role in improving patient selection. One 
prospective study of 60 men selected for surveillance 
used the finding of a tumor greater than 1 cm in diam- 
eter (approximately corresponding to a 0.5 cc sphere) as 
a threshold for significant disease. Among the 22% of 
patients who had this finding, 80% had more than Epstein 
criteria on repeat biopsy (28). Among those who did not, 
90% were not reclassified. A recent report from MSKCC 
of 388 men on surveillance who had an MRI showed that 
the negative predictive value of a negative MRI was 96% 
to 100% (29). 


m STRATEGY FOR MONITORING 


Patients are followed up with serial PSA, DRE, and repeat 
biopsy. Multiparametric MRI has been incorporated by 
many groups. Our approach is to perform PSA q 3 months 
for 2 years and then q 6 months for life. A confirmatory 
biopsy is performed within the first year, and then every 
3 to 5 years until 80 years of age (30). More recently, MP 
MRI is performed for patients who have adverse PSA 
kinetics (a PSA doubling time [PSADT] <3 years), a sub- 
stantial increase in volume of Gleason 6 disease on repeat 
biopsy, or progression to Gleason 3 + 4 in a patient who 
wishes to remain on surveillance. Other groups perform 
MP MRI routinely in men considering surveillance. 

PSA kinetics is a sensitive marker for risk of progres- 
sion, but lacks the specificity to be a reliable trigger for 
intervention(31). In the Sunnybrook cohort, all those 
patients who died of prostate cancer had a short PSADT, 
less than 1.6 years. In the cohort, the median PSADT was 
7 years, and 20% had a doubling time less than 3 years. 
In the 300 stable patients in this study, none of whom pro- 
gressed clinically or pathologically, 50% had a PSA trig- 
ger at some point during their follow-up (32). 

The probability that higher grade disease will be 
detected on repeat biopsy has been reported to be between 
8% and 28% (33, 34). In most cases, the upgrading rep- 
resents the results of sampling, rather than true disease 
progression. In our series, upgrading occurred in 20% 
at the confirmatory biopsy. Interestingly, the likelihood 
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of upgrading increased according to the time since the 
diagnostic biopsy, at the rate of 1% per year. This may 
approximate the likelihood of spontaneous true biological 
progression of Gleason 3 to higher patterns (35). 


Prevention of Progression 


An intervention that would reduce the likelihood of 
disease progression by stabilizing existing disease is of 
great interest to patients and clinicians. One approach 
has been to use a 5-alpha reductase inhibitor, dutaste- 
ride. Both this drug and finasteride, a similar drug in 
the same class, showed a significant reduction in the 
diagnosis of low-grade prostate cancer in the REDUCE 
and PCPT trials, respectively (31, 36). Thus, it was rea- 
soned, perhaps they would be effective in men harbor- 
ing these cancers. 

In the REDEEM trial, 302 men were randomly 
assigned to treatment with either dutasteride or placebo 
for 3 years (37). All patients had low-risk disease and met 
Epstein criteria for active surveillance (Tic or T2a pros- 
tate cancer, PSA < 11 ng/mL, a Gleason score <6, <3 posi- 
tive cores on biopsy with <50 positivity on any one core). 
Repeat biopsies were performed at 18 and 36 months. 
The primary endpoint was time to progression (defined 
by an increase in Gleason score to >6, involvement of >3 
cores, >50% involvement of any one core, or treatment for 
prostate cancer [RT, radical prostatectomy, and hormonal 
ablation]). 

Treatment with dutasteride significantly decreased 
or delayed the risk of prostate cancer reclassification to 
higher risk disease (an increase in volume or grade of dis- 
ease) compared with placebo (54 of 144 [38%] vs. 70 of 
145 [48%], hazard ratio 0.62, 95% confidence interval 
0.43-0.89). There was no evidence of an increase in the 
number of patients with high-grade prostate cancer on 
the final biopsy. (The study was not powered to identify 
a 0.5% increase in high-grade cancer, the outcome of the 
PCPT and REDUCE trials.) 

These results are provocative and require longer term 
follow-up and validation before 5-ARI is widely adopted 
for men on surveillance. However, in those men on surveil- 
lance who have BPH and LUTS, it is completely reason- 
able to manage them with 5-ARIs, with the expectation 
that their clinical symptoms will improve and there may 
be an added benefit of a reduction in the likelihood that 
they will require definitive intervention. 


E OUTCOMES 


The available data on patient outcomes with active surveil- 
lance come from observation studies. Several randomized 
studies have compared radical prostatectomy to watchful 
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waiting, without the opportunity for delayed intervention, 
and provide important information about natural history. 


Phase 2 Studies 


Several large prospective cohorts of active surveillance 
have been reported. These studies have all found an 
extremely low rate of progession to metastatic disease or 
prostate cancer mortality in the intermediate term. The 
majority of patients remained on surveillance; approxi- 
mately 30% have been treated (30, 38-45). 

The most mature series, from Toronto, reported on 450 
patients managed with an initial approach of active sur- 
veillance (30). For the first 5 years of the study, patients, if 
older than 70 years, with favorable risk disease (D’A mico 
criteria) or intermediate-risk disease (PSA < 15 or Gleason 
3 + 4) were offered this approach. Definitive treatment was 
recommended for a PSADT of 3 years or less, histologic 
progression, or clinical progression. This experience was 
reported in 2010 and has been updated recently. The 
current cohort comprises 841 patients. Median age was 
69 years. Median follow-up is 7 years (range 0.5-20 years). 
The overall survival was 82%. Thirty-two percent were 
treated. The 10-, 15-, and 20-year overall survival was 
77%, 58%, and 50%, respectively. 

Among the 841 patients, there were 14 (1.7%) deaths 
from prostate cancer. Of the 14 patients who died of 
prostate cancer, 7 patients received RT, 2 received RP, 
3 received hormones, 1 had no treatment, and 1 refused 
treatment. Among the remaining 827 patients, none have 
clinical metastatic disease. The 10-, 15-, and 20-year actu- 
arial CSS was 97.9%, 93.5%, and 86.3%, respectively. 

At 5, 10, 15, and 20 years, 77%, 63%, 52.3%, and 
52.3% of patients, respectively, remain untreated and on 
surveillance. Two hundred nine patients were treated after 
a period of surveillance. Of these, 44 (21%) had PSA fail- 
ure. This represents 5% of the overall cohort (44/841). In 
the patients treated radically, the bNED survival from the 
time of diagnosis at 5 and 10 years was 80% and 66%, 
respectively. The 5- and 10-year bNED figures from 
the time of treatment were 94% and 75%, respectively. 
Forty-four patients were treated with surgery and 138 
with radiation. Eleven percent of the surgery patients and 
22% of the radiation patients had PSA failure. The bNED 
survival after surgery at 5, 10, and 15 years was 90%, 
90%, and 72%, respectively. In patients treated with 
radiation, it was 82%, 61%, and 47%. This difference in 
bNED failure between surgery and radiation was signifi- 
cant (P = .031). The cumulative hazard ratio for dying of 
other causes versus prostate cancer was 9.7:1. In men older 
than 70 years, who are at a greater risk for other causes of 
death, this ratio was 12.7; in men younger than 70 years, 
the ratio was 5.8. 

The concept of active surveillance is further sup- 
ported by data from the Health Professionals Follow-Up 
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Study, in which 3,331 men were diagnosed with prostate 
cancer between 1986 and 2007. In this cohort, treatment 
was deferred for at least 1 year in 10% (45). The cohort 
included both active surveillance patients and those 
untreated due to age and/or comorbidity. At 7 years, 
50% remained untreated. Multivariate analysis adjusting 
for significant predictors of progression showed no dif- 
ference in the rate of metastatic disease or prostate can- 
cer mortality between the active surveillance and radical 
intervention groups. 


Randomized Trials 


Both the Scandinavian Prostate Cancer Group 4 (SPCG4) 
trial (46) and the PIVOT trial (47) have compared radical 
prostatectomy with watchful waiting (WW). Neither trial 
offered delayed intervention to the watchful waiting group. 
The SPCG4 study showed a 50% mortality reduction in 
the treatment group. A mortality reduction was seen in the 
low-risk group. However, this likely reflected the fact that 
the SPCG4 cohort was a non-PSA screened group that did 
not have the benefit of volume migration seen in a screened 
population. Diagnosis was by aspiration in most cases. 
Further, the prostate cancer mortality in the RP group 
in this study was 6% at 12 years and 10% in the WW 
group. In our surveillance cohort, it was 3.2% at 12 years. 
This difference emphasizes the difference in patient selec- 
tion between the cohorts. The SPCG4 results in the 
“low-risk” patients should not be interpreted as relevant 
to the outcome in screen-detected, low-risk patients (48). 
The PIVOT study showed a modest benefit of treatment 
for intermediate- and high-risk groups, but no benefit at 
all in favorable risk patients. 

A landmark study in the United Kingdom, the ProtecT 
trial, is nearing completion. In that study, patients were 
randomized to surveillance, RP, or radiation therapy (49). 
All patients, including intermediate and high risk, were 
randomized between these three management strategies. 
Patients on surveillance had serial PSA, but did not have 
serial biopsies unless clinically indicated. This trial was 
initiated in 2001 and has enrolled about 2,050 patients. 
This trial, when completed, should provide very reliable 
data about the incremental mortality associated with an 
initial expectant approach, if any. It is possible, on the 
basis of what we know today, that active surveillance may 
be associated with a slight absolute increase in prostate 
cancer mortality. This difference is almost certain to be 
small; at the most, 1% at 15 years. If true, this should not 
undermine the case for active surveillance. As mentioned 
earlier, a selective approach to therapy is required to make 
PSA screening palatable and therefore provide men with 
high-grade disease the benefit of early detection without 
excessive overtreatment of the low-risk patients. Thus, in 
the long run, many more lives would be saved. 
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Quality-of-Life Benefits 


Active surveillance has two benefits: the avoidance of 
treatment-related side effects and the legitimization of 
screening based on reducing overtreatment. The quality- 
of-life benefits are obvious to clinicians and patients. 
A stringent decision analysis that evaluated quality of life 
in a hypothetical 65-year-old healthy male with low-risk 
prostate cancer found a higher quality-adjusted life year 
with surveillance than any other treatment option (50). 
A sensitivity analysis showed that this finding was robust. 

Another issue to consider is the patient’s personal 
preferences. Some patients have difficulty coping with the 
psychological aspects of living with untreated cancer (51). 
These patients tend to have a history of anxiety disorders, 
suffer from social isolation, and lack of family support (52). 

Such patients require more personal and psychological 
support and may indeed elect to have their disease treated 
definitively. 

Education and reassurance are critical. Consider the 
zeitgeist of cancer: that it is an aggressive, frequently lethal 
disease that must be treated aggressively. This creates 
fear that drives a great deal of unnecessary intervention. 
However, some key facts communicated clearly to the 
patient can dramatically reduce this fear. Some of these 
statements include the following: 


What you have is not a real disease. 

Most men your age have this but don’t know it. 

It is really a “pseudo-cancer” or a “pseudo-disease.” 
The chance of dying of other causes is 10 times greater 
than the chance of dying of prostate cancer. 


Improved communication undoubtedly enhances the 
acceptability of surveillance and reduces patient anxiety (53). 

One of the concerns associated with repeated biopsy of 
the prostate is the risk of urosepsis with each biopsy, and the 
risk of erectile dysfunction in men having repeated biopsy (54). The 
increased risk of ED in men having three or more biopsies 
was based on annual biopsy. It is possible that a less frequent 
biopsy schedule (i.e., every 3-5 years) may not have this 
effect. Nonetheless, an unmet need is to develop biomarkers 
or imaging studies that can replace the biopsy as a means for 
identifying higher risk patients. 
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E INTRODUCTION 


Prostate cancer (PC) is the most common cancer among 
men in the United States, second to nonmelanoma skin 
cancer (1). It is also one of the leading causes of cancer 
death among men of all races. Early detection of PC, due 
to the introduction of the prostate-specific antigen (PSA) 
blood test, has been attributed to being one factor involved 
in lowering the PC mortality rate in the past decades. 
Although PSA testing is routinely used for PC screening, 
concerns have emerged regarding the lack of evidence that 
screening itself is what directly decreases mortality. 

The United States Preventative Services Task Force 
recommended against screening for PC using PSA for 
healthy men in 2011. This was based on studies that con- 
cluded the harms related to subsequent evaluation and 
treatment outweighed the small reduction in PC-specific 
mortality in patients screened with a PSA test. However, it 
is important to note that PSA testing demonstrating a sus- 
tained trending rise or in conjunction with tests such as PSA 
velocity, the PC gene 3 (PCA3), and the percentage free PSA 
can enhance the value of using PSA as a screening tool (2). 

With a dramatic increase in the diagnosis of asymp- 
tomatic PC, drastically different treatment modalities 
are being explored for these patients compared with those 
diagnosed with aggressive disease. Before considering 
major surgery, radiation, or androgen deprivation ther- 
apy, which have a myriad of adverse effects, clinicians 
are turning to active surveillance or watchful waiting 
in these low-risk populations (3). One recommendation 
for management of low-risk patients is to make lifestyle 
changes including dietary modifications, incorporation 
of supplements, introduction of aerobic exercise, and 
meditation or stress reduction techniques. These simple 
alterations can act as both treatment and prevention of 
disease. Furthermore, for all grades of PC, nutritional 


Treatment of Low-Risk, 
Localized Prostate Cancer: A 
Holistic Approach With Diet 


interventions complement conventional treatments and 
are important in improving outcomes and quality of life. 

There is increasing evidence from epidemiologic 
surveys and from laboratory, intervention, and case- 
control studies that diet and lifestyle play a crucial role 
in PC biology and tumorigenesis. This applies to both 
the development and the progression of PC. The informa- 
tion presented in this chapter about a holistic approach 
to the treatment of low-risk localized PC summarizes the 
key evidence for the role of different dietary components 
and their effect on PC prevention and progression. Most 
nutrients and supplements outlined in this chapter also 
have the added benefit of being beneficial for the cardio- 
vascular system, bone health, and the prevention of other 
cancers. The dietary factors that influence the develop- 
ment of prostate cancer are illustrated in Figure 8.1. 


E EPIDEMIOLOGY OF PROSTATE CANCER 


The most recent data from the Surveillance Epidemiology 
and End Results database estimate that 241,740 men were 
diagnosed with prostate cancer and over 28,000 died of 
the disease in the United States in 2012 (4). Autopsy studies 
have demonstrated that 60% to 70% of older men have 
some area showing cancer within the prostate (5,6). It is 
estimated that a 50-year-old man has a lifetime risk of 
42% of developing prostate cancer, but only a 9.5% risk 
of developing the disease clinically and being diagnosed 
and a 2.9% risk of dying from prostate cancer (7). Thus, 
prostate cancer is extremely prevalent; however, many 
cases of the disease can remain clinically insignificant due 
to its protracted course. 

The stage of prostate cancer is a major predictor of 
survival rates as men with local and regional disease had 
5-year survival rates nearing 100%, while patients with 
distant metastasis had a 5-year survival of only 28% (8). 
Due to the increase in screening, there has been an increase 
in incidence of organ-confined and regional disease and a 
decrease in incidence of metastatic disease (9). 

The incidence of prostate cancer differs greatly 
geographically. The disease is most prevalent in 
Scandinavia and North America and lowest in Asia (4, 10). 
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FIGURE 8.1 Dietary factors that influence the development of prostate cancer. The macro- and micromolecules that have been associated with 


causation or prevention of prostate cancer are illustrated. In general, the main macromolecules associated with an increased risk of prostate cancer 
are grain-fed, processed, and/or burned meat; and processed fats/oils. In contrast, the main macromolecules associated with protection against 
prostate cancer are cruciferous vegetables. Notably, there is not enough evidence to recommend for or against many macromolecules, and all 


micromolecules. 


Abbreviations: AHCC = active hexose correlated compound; ALA = alpha-linolenic acid; DHA = docosahexaenoic acid; DPA = docosapentaenoic 
acid; EPA = eicosapentaenoic acid; HCA = heterocyclic amines; n-3 PUFAs = long-chain omega-3 polyunsaturated fatty acids; PAH = polycyclic 


aromatic hydrocarbons. 


The incidence also varies with race. African Americans 
have the highest incidence of prostate cancer of any race 
or ethnicity in the United States (between 2005 and 2009, 
236.0 per 100,000 men annually). This is in contrast to 
other groups living in the United States, including white 
American males (146.9 per 100,000 men annually), 
Asian/ Pacific Islanders (85.4 per 100,000), American 
Indian/Alaska Natives (78.4 per 100,000), and Hispanics 
(125.9 per 100,000) (4). 

Other risk factors include advancing age and family 
history. From 2005 to 2009, the median age of diagno- 
sis was 67 years of age, with close to 90% of diagnoses 
occurring at age 55 and older. In addition, older men are 
more likely to be diagnosed with high-risk prostate cancer 
leading to lower overall and cancer-specific survival (4). 
Risk of prostate cancer is double for a male who has one 
affected first-degree relative (11-15). For males with more 
than one affected relative, risk is further increased (13). 
Age of onset in affected first-degree relatives is also impor- 
tant, as younger age of onset correlates with increased risk 
as well (13, 16). 

Diet and lifestyle have also been identified as risk 
factors for PC, which will be discussed in this chapter. 


The role of obesity is still unclear. Many studies show that 
excess body weight (defined by body mass index) does not 
lead to increased cases of prostate cancer (17-19), although 
some studies have shown a positive association (20,21). 
However, it has been shown more conclusively that obe- 
sity is associated with cases of higher grade and fatal pros- 
tate cancer (22,23). 


E PATHOPHYSIOLOGY OF PROSTATE 
CANCER 


Prostate cancer occurs when normal semen-secreting 
prostate gland cells mutate into cancer cells. It is classi- 
fied as an adenocarcinoma, meaning glandular in nature. 
The region of the prostate gland where the adenocarci- 
noma is most common is the peripheral zone. This area of 
the prostate can be assessed during a digital rectal exam 
(DRE), which is why the DRE is an important part of the 
physical exam in male patients. 

Initially, small clumps of cancer cells remain confined 
to otherwise normal prostate glands, a condition known as 
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prostatic intraepithelial neoplasia (PIN). PIN can present 
as low grade or high grade, and although there is no proof 
that PIN is a cancer precursor, it is well recognized to be 
closely associated with the development of invasive cancer. 
Chronic inflammation, which damages epithelial cells, 
results in proliferative lesions and is a likely precursor to 
PIN or PC; prostatisis has therefore been associated with 
a high risk of PC. 

Over time, these cancer cells begin to multiply and 
spread to the surrounding prostate tissue (prostatic 
stroma) forming a tumor. Eventually, the tumor may grow 
large enough to invade nearby organs such as the seminal 
vesicles, the rectum, and the neighboring lymph nodes and 
can even spread hematogenously. 

Prostate cancer is considered a malignant tumor 
because it has the potential to metastasize. PC most com- 
monly metastasizes to the bones and lymph nodes and 
may invade rectum, bladder, urethra, and lower ureters 
after local progression. The route of metastasis to bone is 
believed to be hematogenous due to the prostatic venous 
plexus, which drains the prostate, connecting with the 
vertebral veins of the lumbar spine. 


E IMPACT OF FOOD ON PROSTATE 
CANCER 


Meat 


A recent case-control study of 982 men demonstrated that 
high consumption of processed meat, including ground 
beef, was associated with aggressive PC. Ground beef 
showed the strongest association followed by well-done 
meat. Consumption of rare- or less-cooked meat was not 
associated with an increased risk of PC (24). Overcooked 
meats and those prepared on an open flame contain hetero- 
cyclic amines (HCAs), polycyclic aromatic hydrocarbons, 
and carcinogenic chemicals formed from cooking muscle 
meat such as beef, pork, fowl, and fish(25). Researchers 
have identified 17 different HCAs resulting from the cook- 
ing of meats that may pose human cancer risk. 

The largest prospective study to date for high-risk 
patient populations examined the association of meat and 
HCA intake on PC risk in 7,949 African American men. 
It demonstrated that African American men who were 
part of the quantile of highest consumption of red meat 
cooked at high temperatures had a 22% higher risk of PC 
over a 10-year period than men in the lowest consumption 
quantile (26). 

It is also advisable to avoid smoked and cured meats, 
which contain nitrosamines. Lean protein and meat from 
grass-fed animals when eaten sparingly, cooked at low 
temperatures, are the preferred choice. Grass-fed animal 
meat contains high levels of vitamin E, glutathinone, con- 
jugated linoleic acid, and lower levels of saturated fat com- 
pared to grain-fed animals (27). 
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Fats 


A recent study followed up PC patients over 5 years, and 
those who consumed the most saturated fat (from meat 
and dairy) had more than three times the risk of dying 
from PC compared with patients in the trial who con- 
sumed the least amount of saturated fat. A long-term 
prospective study reported the findings of serum levels of 
trans fatty acids, specifically trans fats resulting from the 
hydrogenation of vegetable oils, which are associated with 
an increased risk of PC. 

There have been inconsistent results regarding the 
relationship of omega-3 fatty acids and PC risks in the 
recent literature. A meta-analysis published in 2013 pro- 
vided evidence to clarify the variable results regarding the 
association of long-chain omega-3 polyunsaturated fatty 
acids or the individual components—eicosapentaenoic 
acid (EPA), docosahexaenoic acid (DHA), docosapentae- 
noic acid (DPA)—with PC risk. It was determined that 
high blood level of DPA is associated with a reduced risk 
of PC, whereas high blood level of EPA and DHA in com- 
bination is associated with increase high-grade prostate 
tumor risk (28). 

Alpha-linolenic acid (ALA) is the essential omega-3 
fatty acid precursor of EPA and DHA, which are known 
to have anti-inflammatory and possibly anti-cancer prop- 
erties. Yet results indicate that people with measurably 
high ALA are at an increased risk for PC. Dietary ALA 
is most commonly obtained through the consumption of 
meat and thus is used as a marker in many studies. Most, 
but not all studies, have found that there is a correlation 
between high dietary ALA and PC risks. 

Men who include fish in their diet have been reported 
to have lower risk for PC due to the abundance of omega-3 
fatty acids in fish. 


Cruciferous Vegetables 


Cruciferous vegetables belong to the Brassicaceae fam- 
ily and include leafy greens such as kale, cauliflower, 
broccoli, Brussels sprouts, cabbage, bok choy, and col- 
lard greens. They are high in vitamin C, soluble fiber, 
and phytochemicals sulforaphane and indole-3 carbinol 
(I3C) (29). Phytochemicals exhibit anti-inflammatory 
activity and anticarcinogenic properties including induc- 
tion of cell cycle arrest, inhibition of tumor invasion and 
angiogenesis, inhibition of extracellular signal-regulated 
kinases, proteasome degradation, and alteration of phase 
I and phase II biotransformation enzyme expression (30). 
Sulforaphane has been shown to have proapoptotic prop- 
erties in PC cells both in vitro and in vivo, and I3C has 
demonstrated antiproliferative and antimetastatic proper- 
ties in animal models of PC (31). 

In men with newly diagnosed PC, a preliminary study 
showed a 41% decreased risk of PC in men consuming 
greater than two servings of cruciferous vegetables per 
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week, compared with those eating less than one serving 
per week. The protective effect is believed to be due to 
the high concentrations of the carotenoids, luteins, and 
zeaxanthins, as well as their stimulatory effects on the 
breakdown of environmental carcinogens associated with 
PC. Cruciferous vegetables also contain phytoestrogens. 
With regard to phytoestrogens, it is more appropriate 
that we examine isoflavones, the most researched of the 
phytoestrogens, which are commonly found in soy and red 
clover (32). 


Soy Isoflavones 


Soy is high in isoflavones. Isoflavones are characterized as 
phytoestrogens due to their estrogen activity. These com- 
pounds may reduce 5a-reductase activity, induce differen- 
tiation of prostate cells, and modulate estrogen receptors, 
which inhibit androgen activity (33). Genistein is one of 
the most abundant active isoflavones in soy. It has been 
shown to inhibit both androgen-dependent and androgen- 
independent prostate cancer cell growth in vitro (34). 

Isoflavone supplementation may be beneficial in men 
with localized disease. In a study of men with biochemi- 
cal recurrent prostate cancer, isoflavones proved to have 
biological activity as shown by a decline in the slope of 
PSA (34). A meta-analysis of six case-control and two 
cohort studies (35), as well as the U.S. Multiethnic Cohort 
Study (36), showed a reduction in the risk of prostate can- 
cer in males with high soy consumption. The latter study 
also found a 30% reduction in risk of being diagnosed 
with advanced disease. It is postulated that Asian soy- 
based diets contribute to the lower rates of prostate cancer 
in this population. 


Red Clover 


Red clover contains isoflavones, which are metabolized 
into phytoestrogens in the body, as discussed in the previ- 
ous section. A recent study showed that daily oral admin- 
istration of 60 mg of red clover isoflavone extract was well 
tolerated, caused no side effects, and demonstrated signifi- 
cant decreases in total PSA levels by more than 30% (37). 
Patients should notify their general practitioner or urolo- 
gist if they are taking these supplements without recom- 
mendation because the potential development of PC could 
be masked by a reduction in PSA values secondary to the 
intake of phytoestrogens. 


Lycopene 


Lycopene has been proposed to protect against PC through 
various properties including decreased lipid oxidation, 
inhibition of cancer cell proliferation, and most notably 
potent antioxidant properties (38). Tomatoes are the pri- 
mary source of lycopene, although trace amounts can be 
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obtained by consuming strawberries, watermelon, pink 
grapefruit, guava, and papaya. It is actually less desirable 
to eat raw tomatoes because cooking tomatoes or mak- 
ing tomato sauce release lycopene from storage sites and 
enhances the absorption process, as does dietary fat. 

Including lycopene in a man’s diet can act to lower his 
PSA. A phase II study found that whole tomato lycopene 
preventative supplementation reduced PSA significantly 
and maintained its effect on PSA over 1 year (39). 

Of prospective dietary studies on lycopene, the larg- 
est and only study with multiple assessments of diet was 
conducted in the Health Professionals Follow-Up Study 
(HPFS). The HPFS first reported an inverse association 
between lycopene intake and PC. High intake of tomato- 
based products was associated with a 35% decreased risk 
of total PC and a 53% decreased risk of advanced stage 
PC (40). 


Green Tea 


In cultures where green tea is consumed often, incidence 
of and mortality from prostate cancer is significantly 
lower (41). A Journal of Nutrition report observed that 
the equivalent of six cups of green tea daily “significantly 
inhibits [prostate cancer] development and metastasis.” 
However, most men will not drink six cups of green tea 
per day; therefore, supplementation with a concentrated 
extract appears to be an important aspect of herbal 
chemoprevention. 

The antioxidant content of green tea is remarkable. 
Over 50 compounds with anti-inflammatory activity have 
been identified in this centuries-old beverage. Several tar- 
gets for green tea compounds have been elucidated with 
regard to prostate cancer prevention and treatment includ- 
ing polyphenols, phytochemicals, and epigallocatechin- 
3-gallate (EGCG). 

Polyphenols influence the down-regulation of ornithine 
carboxylase, which is overexpressed in patients with pros- 
tate cancer (42). Phytochemicals reduce concentrations of 
angiogenic vascular endothelial growth factor and reduce 
metastasis-related gene expression (matrix metalloprotein- 
ase [MMP]-2 and MMP-9) (43). EGCG inhibits the growth 
of both androgen-sensitive and androgen-insensitive pros- 
tate cancer in animal studies by inducing apoptosis and 
altering expression of regulatory proteins that are critical 
for cell survival. EGCG has also been shown to selectively 
inhibit cyclooxygenase (COX-2) in both hormone-sensitive 
and hormone-refractory human prostate cancer cells (44). 


Pomegranate 


Pomegranate is a rich source of polyphenolic compounds, 
including anthocyanins and hydrolyzable tannins, which 
have free-radical scavenging properties. It is reported that 
pomegranate contain higher antioxidant activity than green 
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tea and red wine. The arils are excellent sources of dietary 
fiber, and the nutrients are entirely contained in this edible 
seed. Studies have also shown that anatomically discrete 
sections of the fruit act synergistically to exert antiprolif- 
erative and antimetastatic effects against PC cells (45). 

A study on pomegranate juice at a single center during 
the course of 2 years showed that consuming pomegran- 
ate juice increases the mean PSA doubling time. This was 
in combination with corresponding laboratory effects on 
PC in vitro cell proliferation and apoptosis, as well as oxi- 
dative stress. The treatment was well tolerated, with no 
adverse effects reported. The results of this study are being 
further tested in an ongoing randomized, double-blinded, 
three-arm, placebo-controlled study (46). 


Cranberry 


Cranberry juice has long been consumed for the prevention 
of urinary tract infections, and research linked this prop- 
erty to the ability of cranberry proanthocyanidins (PACs) 
to inhibit adhesion of Escherichia coli bacteria to the gen- 
itourinary tract(47). Studies have also well documented 
the effects of PACs found in cranberries on MMP activity 
associated with prostate tumor metastasis, apoptosis in 
tumor cells, reduced ornithine decarboxylase activity, and 
anti-inflammatory activities such as inhibition of cyclo- 
oxygenases (48). These findings suggest a potential role for 
cranberry as part of a chemopreventive diet (49). 


Saw Palmetto 


Saw palmetto extract reduces the amount of dihydrotes- 
tosterone (DHT), a metabolically active form of testos- 
terone, binding in the prostatic urethra. In vitro studies 
have reported that it weakly inhibits the action of 5-alpha 
reductase, the enzyme responsible for converting testos- 
terone to DHT (50). In vivo studies have suggested that 
saw palmetto may protect against PC; however, there has 
been no evidence in humans regarding the association (51). 
One prospective cohort study of 35,171 men aged between 
50 and 76 years found no association. However, it is of 
note that the dose and ratios of constituents varied widely 
among study participants (52). 


Flaxseed 


Increased inflammation is associated with high ratios of 
omega-6 to omega-3 fats. A recent investigation of the 
balance of these types of omega fats looked at supplemen- 
tation of omega-3 fat and its impact on tumor growth. A 
preliminary study in patients with PC taking 30 g per day 
for approximately 1 month of ground flaxseed, which is 
high in omega-3 fats, showed a decreased rate of tumor 
growth (53). 
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Curcumin 


Curcumin is a yellow pigment in the spice turmeric (also 
known as curry powder) and has been used for centuries 
as a treatment for inflammatory disease. The effects are 
not limited to the genitourinary system; curcumin has 
demonstrated profound impacts on neurological, car- 
diovascular, pulmonary, and metabolic diseases (54). 
A study at Columbia University found that curcumin is 
also involved in modulating proteins that suppress apop- 
tosis and interfere with growth factors that promote can- 
cer progression (55). 


E IMPACT OF VITAMINS, MINERALS, 
AND OTHER SUPPLEMENTS ON 
PROSTATE CANCER 


Vitamin D and Calcium 


Where sun exposure is low, prostate cancer rates increase (56). 
This ecologic data prompted a clinical study where 7 of 16 
men with bony metastatic PC, which had been unresponsive 
to conventional treatment, were found to have evidence of 
vitamin D deficiency. All were given 2,000 IU of vitamin 
D per day for 12 weeks, and pain levels were recorded. 
Results included reduction of pain and evidence of increased 
strength(57). 

Calcitriol, the hormonally active form of vitamin D, 
inhibits the growth and development in several cancers 
where inflammation has been implicated in the develop- 
ment and progression. Calcitriol inhibits the synthesis 
and actions of proinflammatory prostaglandins by several 
mechanisms, and these anti-inflammatory actions in PC 
cells contribute to its potential as a chemopreventive and 
therapeutic agent (58). 

It is appropriate to measure 25-hydroxyvitamin D 
in patients to ensure that they are at an adequate level. 
Although normal range is 20 to 55 ng/mL, ideally 
vitamin D levels should not fall below 32 ng/mL and any 
level below 20 ng/mL is considered a severely deficient 
state (59). 

Numerous studies, including the Cancer Prevention 
Study II Nutrition Cohort, have reported positive associa- 
tions between high calcium intake and increased incidence 
of and increased mortality from prostate cancer (60). With 
the abundance of calcium supplementation in the United 
States, more studies are needed to evaluate these poten- 
tially increased risks. 


Vitamin E and Selenium 


The SELECT (SELenium and vitamin E Cancer pre- 
vention Trial) was conducted to assess the efficacy of 
selenium and vitamin E alone, and in combination, 
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on the incidence of prostate cancer. This randomized, 
double-blind, placebo-controlled, 2 x 2 factorial design 
clinical trial found that neither selenium nor vitamin E 
reduced the incidence of prostate cancer after 7 years 
and that vitamin E was associated with a 17% increased 
risk of prostate cancer compared to placebo. The null 
result was surprising given the strong preclinical and 
clinical evidence suggesting chemopreventive activity of 
selenium (61). 

Although the SELECT results are equivocal when 
examining the effect of vitamin E on the risk of prostate 
cancer, alpha-tocopherol, the most potent form of natu- 
rally occurring vitamin E, had been shown to decrease 
the risk of prostate cancer in smokers. Interestingly, subse- 
quent follow-up of this same cohort showed no association 
of vitamin E with prostate cancer, blurring the validity of 
this association (62). 

It is likely that only specific subpopulations may ben- 
efit from vitamin E and/or selenium supplementation. 
Therefore, future studies should consider the baseline 
status of the participants and age of the cohort, among 
other characteristics, to determine the role of vitamin E 
and selenium in PC prevention and treatment. 


Fish Oil 


Fish oil has a high content of long-chain omega-3 fatty 
acids such as DHA and EPA. These fats are abundant in 
fish, crustaceans, and some algae. Fish oil has been shown 
to induce cell apoptosis and decrease proliferation in sev- 
eral cancer cell lines, including prostate cancer. It decreases 
PSA doubling time, especially when combined with a 
decreased intake of omega-6 polyunsaturated fats and 
trans fats (63,64). Consumption of fish three to four times 
a week has proven to lead to a significant reduction (up 
to 40%-44%) in the incidence of prostate cancer (65, 66). 
It is recommended that patients take a purified fish oil 
supplement, 1,000 to 3,000 mg daily. 


Active Hexose Correlated Compound 


A mushroom mycelium extract, active hexose correlated 
compound (AHCC), is a generic term used to describe 
a plant polysaccharide extracted from a liquid culture 
produced from the mycelia of shiitake (Lentinula 
edodes) mushrooms (67). In basic studies on AHCC, 
it has been reported that AHCC has immunostimulat- 
ing activity, anticancer activity, and cancer-preventive 
actions, and can prevent side effects during cancer 
chemotherapy, among other functions. Administering 
AHCC to patients with prostate cancer may impede 
cancer progression (68). 
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A phase II multicentered clinical trial in which AHCC 
was administered to patients with early stage PC who 
were expectantly managed demonstrated a decrease in 
PSA value by more than 50% in only 1 of 74 patients 
(1.4%) indicating that AHCC is an ineffective treatment 
for reducing PSA values by 50% (67). However, regarding 
advanced metastatic PC, AHCC administration has been 
shown to result in an excellent serologic PSA response (69). 


E IMPACT OF ANTI-INFLAMMATORY 
AGENTS 


Zyflamend 


Zyflamend is an over-the-counter product composed of 
several herbs in regulated concentrations. The constitu- 
ents have anti-inflammatory, antioxidant, antiangiogenic, 
and/or antiproliferative effects. A recent phase I clinical 
trial was performed to determine whether Zyflamend 
could influence the progression of biopsy-proven high- 
grade PIN to prostate cancer. The results yielded 60% of 
patients with benign tissue, 36% with high-grade PIN, 
and 14.3% who developed prostate cancer at the final 
18-month biopsy. A statistically significant reduction in 
serum C-reactive protein and reduction in nuclear factor 
kappa-B staining were also observed in the biopsy tissue 
samples (70). 


Ginger Root 


Ginger root, the rhizome of the plant Zingiber officinale, 
has been an herbal medicine for centuries, used to treat 
nauseas, motion sickness, upper respiratory infections, 
and intestinal parasites. Modern investigators have dis- 
covered in this rhizome more than 20 phytochemicals 
that inhibit COX-2(71). These constituents have potent 
antioxidant and anti-inflammatory activities. 

A recent study showed that combining ginger extract 
with its constituents (in particular, 6-gingerol) resulted 
in significant augmentation of antiproliferative activity 
of GEs(72). These data generate compelling grounds for 
further evaluation of ginger root alone and in combina- 
tion with individual ginger biophenols for prostate cancer 
management. 


Resveratrol 


Resveratrol is a polyphenol found in a variety of plants 
including berries, grapes, red wine, and peanuts. It has 
been found to have several anticancer properties such as 
inhibiting angiogenesis and induction of apoptosis (73, 74). 
It has also been found to inhibit androgen-induced cell 
growth in prostate cancer cell lines through interacting 
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with the androgen receptor(75). Resveratrol has been 
found to be chemopreventive for several malignancies, but 
its androgen properties have made it a significant inter- 
est as an adjuvant treatment of low-grade prostate cancer. 
Studies in human subjects have shown that resveratrol has 
poor bioavailability (76), but its proven anticancer prop- 
erties in several cell lines create ongoing interest to use 
resveratrol as a therapeutic agent and have increased the 
efforts to improve its bioavailability. 


mM EXERCISE, MEDITATION, 
AND PROSTATE CANCER 


Obesity has been strongly implicated as an independent 
risk factor for high-grade prostate cancer and prostate 
cancer mortality (77). Excess body fat alters estrogen and 
testosterone activity. Lower testosterone is associated with 
lower PSA at diagnosis(78). Regular exercise is clearly 
beneficial for overall health, but it especially has a positive 
impact on men with PC. 

A sedentary lifestyle is an important risk factor for 
PC, and exercise is associated with a decreased PC preva- 
lence (79). The molecular mechanisms involved in this pro- 
cess remain unknown, but a recent study demonstrated 
that reactive oxygen species generated by physical exercise 
are a key regulatory factor in prostate cancer prevention. 
Running is known to enhance the antioxidant defense sys- 
tem, thus reducing oxidative stress. Any decrease in oxida- 
tive stress induced by exercise may delay the development 
of prostate cancer (80). 

Yoga is an excellent alternative for men who don’t 
enjoy running. It is an excellent form of exercise that 
incorporates various stretches to enhance flexibility, blood 
flow, and may improve sexual function (81). 

Mind-body interventions, particularly relaxation and 
meditation, are another modality that patients with PC 
should explore. Biomedical research has provided undeni- 
able evidence of the interconnectedness of the mind and 
body. The field of psychoneuroimmunology has defined 
the role of stress in reducing effectiveness of the immune 
system in combating infection and growth of malignant 
tumors (82). By incorporating exercise and practicing 
meditation, one can effectively reduce the harmful effects 
of stress and improve quality of life. 


E SUMMARY 


Dietary modification and physical activity interventions 
in men with early PC enjoy strong support in the published 
research. The interventions described in this chapter 
are beneficial for multiple body systems, including the 
endocrine, cardiovascular, immune, and nervous systems. 
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With the number of cancer survivors continually rising 
thanks to early detection and improved treatments, and 
with our increasing understanding of the benefits of nutri- 
tional and exercise interventions in early stage cancers, it 
is essential that an integrative approach be taken by urolo- 
gist, primary care physicians, and most important, the 
patient. 

Clinical research into the use of such therapies in early 
prostate cancer is on the rise. More of this kind of research 
is imperative for the creation of consistent and effective 
protocols for chemoprevention. Recommendations for 
standardization and dosages of herbal medicines are often 
difficult to determine because of the lack of this kind 
of research. Still, the benefits of herbal and nutritional 
chemoprevention appear to greatly outweigh any harm 
that could come to a patient, particularly in the earliest 
stages of detectable disease, where active surveillance or 
“watchful waiting” would be the most likely intervention. 
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E INTRODUCTION 


Radical prostatectomy for the treatment of prostate cancer 
was first performed by Young in 1904 (1). The operation 
was performed via a perineal approach that remained the 
standard for many decades. The first radical retropubic 
prostatectomy (RRP) was performed by Terence Millin in 
1947 (2). There were few advances in surgical technique 
until 1979 when Reiner and Walsh described Santorini’s 
plexus of the dorsal vein, now typically referred to as the 
dorsal venous complex (DVC), allowing for drastically 
reduced blood loss and an overall safer operation (3). 
Over the next several years, there were many discover- 
ies that continued to improve the operation, such as the 
description of the striated urethral sphincter as well as the 
neurovascular bundles (NVBs) (4,5). It was shortly after 
these discoveries that the modern-day RRP was first per- 
formed—referred to as the anatomical radical prostatec- 
tomy—incorporating all of the knowledge of the anatomy 
of the male pelvis and applying this for optimal outcomes 
in cancer eradication and preservation of continence and 
potency (6). 

Since the advent of the modern RRP, it has remained 
the gold-standard therapy for clinically localized pros- 
tate cancer. Recent improvements in the operation have 
primarily focused on minimally invasive techniques. In 
fact, robotic-assisted laparoscopic radical prostatectomy 
(RARP) is now the most common surgical approach 
used in the United States(7). However, multiple sys- 
tematic reviews have failed to provide sufficient data 
to support any particular modality as having superior 
oncological or functional outcomes (8,9). As a result, 
many urologists continue to offer RRP to their patients 
as an excellent option for definitive treatment of their 
prostate cancer. 


Traditional Radical 
Prostatectomy 


E ANATOMY AND SURGICAL TECHNIQUE 


RRP can be performed with most standard laparotomy 
instrument sets, having very few special requirements. 
Some institutions prefer spinal or epidural anesthesia 
over general anesthesia for this procedure because there 
has been suggestion that this approach is associated 
with less blood loss and a lower frequency of throm- 
boembolic events(10,11). After induction of appropri- 
ate anesthesia, an 8- to 10-cm incision is made in the 
midline from the pubis toward the umbilicus. The rectus 
muscles are separated at the midline, and the underly- 
ing tissues and fascia are dissected in an extraperitoneal 
fashion to expose the space of Retzius. In most cases, a 
bilateral pelvic lymph node dissection (PLND) is carried 
out. The extent of the dissection is debated, with routine 
extended PLND being reserved for patients with high- 
risk disease in most instances. In most patients, removal 
of the nodes overlying and beneath the external iliac vein 
will suffice. It is imperative that the obturator nerve be 
identified during this portion of the procedure to avoid 
debilitating injury. 

A malleable retractor or a sponge stick is used to supe- 
riorly displace the bladder and peritoneum. To expose the 
prostate, the endopelvic fascia must be incised and pubo- 
prostatic ligaments divided. Care should be taken to avoid 
injuring the superficial branch of the DVC. After adequate 
exposure of the anterior surface of the prostate, the DVC 
must be ligated and divided. This is done in many differ- 
ent ways, including en bloc suture ligation, individual vessel 
suture ligation, or en bloc stapling. Most commonly, sutures 
are used to ligate the DVC proximally and distally before 
sharp division. Appropriate control of the DVC is paramount 
as it allows for direct visualization of the apex of the pros- 
tate, which is critical to oncologic and functional outcomes. 

Attention is then turned to preservation of the NVBs 
bilaterally. This is possible in the majority of men who are 
surgical candidates (12). To do this, the lateral pelvic fascia 
must be separated, gently removing the levator fascia and 
NVB from the prostate and leaving the prostatic fascia 
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attached. If nodularity is palpable in the lateral pelvic 
fascia or if the NVB is completely fixed to the prostate, 
this suggests extracapsular disease and the NVB should 
be excised on that side. 

After adequate control of the DVC as described 
earlier, the junction of the urethra and the apex of the 
prostate should be well exposed. This can be then isolated 
and transected anteriorly, exposing the lumen of the ure- 
thra and the foley catheter. Three to five sutures are then 
placed through the urethral stump and secured individu- 
ally and not tied down. The posterior urethra is divided, 
and the remaining circumferential sutures are placed in 
the urethra. Dissection is continued posteriorly, freeing 
the prostate from the rectum. The lateral pedicles should 
be divided at this point to prevent any bleeding during 
excision of the seminal vesicles. 

After mobilizing the entire prostate, the anterior 
bladder neck is incised at the prostatovesicular junction. 
The foley catheter is looped around the body of the pros- 
tate and used to apply traction. The bladder neck inci- 
sion is widened with studious attention paid to vessels 
in the inferior vesical pedicles. When dividing the pos- 
terior bladder neck, special observation must be paid to 
the ureteral orifices as the trigone can present in vary- 
ing ways at this region. Ureteral orifice visualization 
can be particularly challenging if the patient has a large 
intravesical median lobe. Intravenous methylene blue or 
Indigo Carmine® may be administered to aid in visual- 
ization of the ureteral orifices. Once the bladder neck 
has been completely divided, the vas deferentia may be 
ligated and divided and the seminal vesicle dissection 
can be completed. Care should be taken to not injure the 
pelvic plexus during this time, which is intimately associ- 
ated with the lateral aspects of the seminal vesicles. After 
completion of this, the specimen is ready for removal 
from the surgical field. 

The bladder neck should be inspected for shape and 
diameter of its opening. Particularly in patients with large 
prostatic median lobes, reconstruction of the bladder neck 
may be required to allow for a proper fit during anastomosis 
to the urethra. The urethral sutures are passed into the blad- 
der neck but not tied down. The final Foley catheter is then 
placed. Once the Foley catheter is in good position in the 
bladder and the balloon is inflated, all anastomotic sutures 
are then tied down circumferentially. The catheter is irri- 
gated to check for any anastomotic leaks, and a suction drain 
is typically placed in the pelvis. The abdomen is then closed 
in standard surgical fashion, thus concluding the operation. 

Postoperatively, the Foley catheter is left in place for 
7 to 14 days depending on surgeon preference and satis- 
faction with the anastomosis. A voiding cystourethrogram 
(VCUG) may be performed prior to Foley catheter removal 
to assess for any anastomotic leaks. This practice is based 
on surgeon preference or clinical suspicion, in such cases 
as increased output of the pelvic suction drain. If an anas- 
tomotic leak is found on a VCUG, the Foley catheter is left 
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in place for an extended duration until resolution, which is 
determined by repeat VCUG. 


m OUTCOMES AND COMPLICATIONS 


When analyzing the results of RRP, the often mentioned 
“trifecta” of postoperative outcomes consists of cancer 
control (prostate-specific antigen [PSA] detectability), 
continence, and potency (13). There has been improvement 
across the field in most of these variables, likely owing to 
improvements in surgical technique as well as the drastic 
stage migration seen over the last two decades, primarily 
due to routine PSA screening (14). There is now a much 
higher proportion of patients being diagnosed with pros- 
tate cancer, while their disease is still at a low-risk stage. 
Early detection has helped to make RRP an even more 
ideal choice for definitive treatment with curative intent. 


Cancer Control 


RRP has been shown in multiple large series to have a 
15-year cancer-specific survival (CSS) of greater than 
87% (15-20). Most of these data come from high-volume 
centers and reflect the importance of a proficient surgi- 
cal team. Also, large databases of these institutions have 
allowed us to learn a great deal about long-term oncologic 
outcomes. Table 9.1.1 summarizes the long-term outcome 
data from a selection of such series. 

Eggener et al. showed in their series of 23,910 
patients that the outcomes of RRP are quite good, but 
stratification by disease stage is highly impactful on the 
outcome (16). This study showed that the 15-year pros- 
tate cancer-specific mortality (PCSM) for pathological 
Gleason score <6, 7, and 8 to 10 was 0.2% to 1.2%, 4.2% 
to 11%, and 26% to 37%, respectively. When stratified 
by other pathological characteristics, the 15-year PCSM 
risk was 0.8% to 1.5%, 2.9% to 10%, 15% to 27%, and 
22% to 30% for organ-confined disease, extraprostatic 
extension, seminal vesicle invasion, and lymph node 
metastasis, respectively. 

Walsh and coworkers recently published long-term 
follow-up data on his 30-year history of performing the 
anatomical RRP (20). This single-surgeon series consisted 
of 4,478 men who underwent the operation between 
1982 and 2011. This demonstrated a CSS of 97%, 94%, 
90%, and 86% at 10, 15, 20, and 25 years, respectively. 
Biochemical recurrence-free survival for these same inter- 
vals was 82%, 78%, 74%, and 68%, respectively. 

The above figures represent the results of experi- 
enced and skilled surgeons; however, with proper tech- 
nique, these results can be extrapolated to the general 
public at large. In addition, the advantage of RRP over 
observation has now been substantiated in a randomized 
trial by the Scandinavian Prostate Cancer Study Group 
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E Table 9.1.1 Oncologic outcomes following radical retropubic prostatectomy 


Author (Database) No. of Patients 


Han et al. (17) (JHU) 2,091 

Roehl et al. (21) (W. Catalona [WUSTL]) 3,478 

Bianco et al. (18) (P. Scardino [MSKCC & 1,746 
Baylor]) 

Boorjian et al. (22) (Mayo Clinic)* 1,238 

Lewinshtein et al. (19) (Virginia Mason) 459 

Mullins et al. (20) (P. Walsh [JHU]) 4,478 


OS (%) CSS (%) bRES (%) MFS (%) 
10y 15y 10y 15y 10y 15y 10y 15y 
— — 96 89 72 61 89 81 
83 — 97 — 68 
89 67 95 89 77 75 — — 
77 — 92 85 — 


77 61 94 87 66 66 93 90 
— = 97 94 82 78 94 92 


*NCCN high-risk disease patients only. 


Abbreviations: OS, overall survival; CSS, cancer-specific survival; bRFS, biochemical recurrence-free survival; MFS, metastasis-free survival; 
JHU, Johns Hopkins University; WUSTL, Washington University in St Louis; MSKCC, Memorial Sloan Kettering Cancer Center. 


Number 4 (SPCG-4). This trial reported the advantage for 
patients undergoing RRP over watchful waiting, showing 
a 50% improvement in metastasis-free survival, CSS, and 
overall survival at 15 years(23). The SPCG-4 investiga- 
tors also found the number needed to treat to avert one 
death as 15 overall and 7 for men younger than 65 years. 
However, the vast majority of cancers in the SPCG-4 
study were not detected by PSA screening, which in turn 
limits our ability to generalize these findings to a more 
contemporary population. 


Continence 


Urinary incontinence represents a significant quality-of-life 
burden following RRP. Incontinence is usually secondary 
to intrinsic striated urethral sphincter deficiency. If a man 
has a poorly developed or weakened sphincter, this may 
be exaggerated after surgery as stress urinary inconti- 
nence. However, the principal cause is likely damage to 
the sphincter during dissection of the prostate apex and/ 
or during ligation of the DVC. 

The reported incidence of urinary incontinence varies 
in the literature due to the inconsistency in rating the 
degree of urine leakage. A meta-analysis of 30 studies 
from high-volume centers found the weighted mean conti- 
nence rate at 12 months to be 79% (24). Walsh et al. found 
this incidence to be 93% in his series(25). Looking past 
the first year postoperatively, a large population-based 
study found that only 8.4% of men had either frequent 
urinary leakage or no control at 24 months follow-up (26). 
Unfortunately, in addition to the limitations posed by 
inconsistent reporting of the degree of urine leakage, there 
is also inconsistency in the means of measuring the amount 
of leakage. This is done by subjective patient reporting in 
most studies, while less often this is objectively obtained 
via pad weight. 


Potency 


There are multiple factors that contribute to erectile 
function following RRP including patient age, preoperative 


function, and the quality of NVB preservation at the time 
of surgery. A sampling of high-volume centers reported 
the 12-month weighted mean potency rates for patients 
who underwent unilateral or bilateral nerve sparing as 
43.1% and 60.6%, respectively (24). The Johns Hopkins 
University group assessed recovery of sexual function via a 
third-party validated questionnaire (27). These rates, with 
or without sildenafil administration, were 42%, 49%, and 
73% at 3, 6, and 12 months follow-up, respectively. 

Different methods of penile rehabilitation have been 
described. It has been common practice for many years 
to recommend scheduled (nightly or every other day) 
phosphodiesterase type 5 (PDES) inhibitor dosing to 
facilitate return of normal blood circulation to the penis. 
However, there have been two randomized trials that 
have supported on-demand dosing of PDES inhibitors 
as the most efficacious route to the recovery of sexual 
function (28,29). 


Other Complications 


RRP may be associated with the same postoperative 
complications as any major abdominopelvic surgery. 
This includes delayed bleeding, thromboembolic events, 
wound infections, and injury to the surrounding organs. 
However, there are some risks that are unique to RRP, 
which are worthy of mention. 

Bladder neck contracture (BNC) occurs in 0.5% to 
10% of patients after RRP (30). This is believed to occur 
secondary to poor coaptation of the mucosal surfaces of 
the urethra and bladder during the anastomosis or from 
a prolonged anastomotic leak. These may occur second- 
ary to failure to evert the mucosa of the urethra and blad- 
der, poorly tied anastomotic sutures, disruption due to 
traumatic Foley catheter manipulation, or displacement 
secondary to postoperative hematoma. Fortunately, a 
BNC can be typically treated successfully with endo- 
scopic management via incision or dilation. Rarely, a 
BNC can represent a severe process and can result in a 
recurrent or refractory narrowing of the anastomosis. In 
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these situations, a more radical procedure of the bladder 
neck may be required to return patency. Unfortunately, 
this often results in poorer outcomes for the patient’s 
continence. 

As with any operation of the urinary tract, there 
is a risk of urine leakage and formation of a urinoma. 
These are often handled conservatively; however, if they 
become large and cause the patient discomfort or if they 
become infected, they may require percutaneous drain- 
age. In addition, the search for a continuous source of the 
urine leakage must be investigated to assure appropriate 
resolution. Similar to a urinoma, patients may experi- 
ence formation of a lymphocele secondary to the PLND. 
These are often treated with a similar algorithm as urino- 
mas; however, these less often require any intervention. 
Typically, lymphoceles are only drained if the patient is 
symptomatic. 


E OTHER CONSIDERATIONS 


A presumed easier postoperative recovery is one of the 
primary attractants to RARP for patients; however, there 
are some risks to RARP that do not exist with RRP. 
For example, the transperitoneal approach predisposes 
patients to a greater risk of bowel injury and postoperative 
intra-abdominal adhesions. In fact, compared with RRP, 
RARP is associated with a higher proportion of deviations 
from the standard postoperative pathway, primarily due 
to ileus (1.9% incidence with RARP, 0.28% with RRP; 
P < .001) (31). 

Unfortunately, some patients experience recurrence of 
their disease following RRP, despite appropriate patient 
selection and good surgical technique. A recent study 
examined patients who ultimately developed castrate- 
resistant prostate cancer (CRPC) and explored if there 
were any eventual palliative benefits to the specific pri- 
mary treatment they received (32). At the time of diagnosis 
of CRPC or metastatic disease, patients who had initially 
undergone RRP showed a significantly lower level of 
local complications compared with those who underwent 
radiation therapy as their primary treatment (20.0% vs. 
46.7%; P = .007). The most common local complications 
seen were bladder outlet and ureteric obstruction. 


m CONCLUSIONS 


RRP has continued to exist as one of the principal 
treatment options for patients with clinically localized 
prostate cancer. Advances in technique and technology 
alike have afforded the operation improvements in its 
perioperative morbidity as well as long-term outcomes. 
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For patients who desire treatment with curative intent and 
have a good life expectancy, RRP remains the first-line 
treatment for management of their prostate cancer. 
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E SUMMARY 


Laparoscopic radical prostatectomy (LRP) has gained 
increasing importance in the laparoscopic urologic oncol- 
ogy field and became an established treatment for local- 
ized prostate cancer. The indications for LRP are the same 
as those for the open technique. The advantages of the lap- 
aroscopic approach are a magnified view of the anatomic 
structures and a decreased venous bleeding in the surgical 
field allowing an accurate dissection of the prostate and 
neurovascular bundles (NVBs). The LRP technique is well 
standardized. Five trocars are used; the patient is placed 
in the Trendelenburg position. The sequential steps of 
the operation are dissection of the seminal vesicles (SVs), 
a direct approach, after incising the peritoneum above 
Douglas’ cul-de-sac; creation of a space between the rec- 
tum and prostate behind Denonvilliers’ fascia (they can 
also be dissected after opening the posterior bladder neck 
[PBN]), release of the bladder to approach the space of 
Retzius; opening of the endopelvic fascia and intracorpo- 
real ligature of the dorsal vascular complex (DVC); dissec- 
tion of the prostate from the bladder, by close dissection 
of the bladder neck; control of the pedicles and dissec- 
tion of the NVB; sectioning of the urethra and removal 
of the prostate in a bag; urethrovesical anastomosis is 
performed with interrupted running of intracorporeal 
sutures; Foley catheter installation; and placement of an 
aspiration drain and closure. Knowledge of the prostatic 
anatomy, advanced laparoscopic skills, and expertise in 
surgical oncology are essential to provide optimal onco- 
logic outcomes while maintaining the highest standards 
of life quality. 


E INTRODUCTION 


LRP has gained an increasing importance in the 
laparoscopic urologic oncology field and has become 


Laparoscopic Radical 
Prostatectomy: Techniques 
and Complications 


an established treatment for localized prostate can- 
cer. The initial report of LRP by Schuessler et al. was 
of nine cases performed through a _transperitoneal 
approach(1). Shortly thereafter, a single case of a LRP 
through an extraperitoneal approach was reported (2). 
However, in the largest initial series originating from 
France, the transperitoneal approach was used (3-9). With 
accrued experience and worldwide use, modifications in 
the approach and the instrumentation used were intro- 
duced (10-16). This chapter describes the antegrade trans- 
peritoneal LRP initially described by Prof. Dr. Bertrand 
Guillonneau in France, a technique he subsequently 
improved and developed at Memorial Sloan Kettering 
Cancer Center, and reviews its potential complications. 


E PATIENT SELECTION AND 
PREOPERATIVE PREPARATION 


The indications for LRP are the same as those for the open 
technique (17). However, similarly to the open approach, 
the surgeon often faces different situations that might 
make the laparoscopic approach more technically chal- 
lenging. These include obese patients, patients with a 
large prostate gland, patients whose prostates have a large 
median lobe, presence of accessory vessels, patients with 
a narrow deep pelvis, those with a history of abdominal/ 
pelvic surgery or pelvic fracture, and those with previous 
radiotherapy to the pelvis. 

No bowel or rectal preparation is needed, but a fleet 
enema is often recommended particularly in patients 
who had prior prostate radiotherapy. A single dose of a 
first-generation cephalosporin is administrated prior to 
surgery as antibiotic prophylaxis (18, 19). 

Venous thromboembolic prophylaxis is accomplished 
by administering low-molecular-weight heparin subcu- 
taneously before the operation according to the patient’s 
risk of deep venous thrombosis. Patients continue to 
receive this daily dose until they are discharged (20,21). 
Pneumatic compression stockings are also used during 
the surgery, and they are discontinued when the patient 
resumes ambulation (22, 23). 
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E RATIONALE FOR TRANSPERITONEAL 
APPROACH 


Both transperitoneal and preperitoneal prostatectomy 
techniques can be performed (24,25). The main advantages 
of the transperitoneal approach are greater mobilization 
of the bladder, which allows a tension-free anastomosis, 
more working space, and a more meticulous dissection of 
the SVs. It is our belief that early dissection of the SV can 
minimize damage to the pelvic plexus, which is particularly 
important when a nerve-sparing procedure is planned. 

The transperitoneal approach allows faster placement 
of the trocars. However, the preperitoneal approach elimi- 
nates the time associated with the transperitoneal blad- 
der dissection. The preperitoneal method may also reduce 
even further the minimal but real risk of bladder injury, 
given that the space of Retzius is developed initially. In 
addition, once performed, there is little concern regarding 
visceral injury. 

The bowel is in the operative field with the transperi- 
toneal approach, and, thus, a steeper Trendelenburg posi- 
tion is required to move the bowel out of the pelvic cavity, 
at least during the initial step, when dissection of the SV 
is considered. 

In the preperitoneal approach, the peritoneum isolates 
the operative field from the abdominal cavity. This method 
is advantageous, as bleeding, when encountered, does not 
contact the bowel, thus avoiding reflex ileus. Also, a non- 
watertight urethrovesical anastomosis does not result in 
urinary ascites with its associated complications. However, 
the transperitoneal approach allows a more extensive lymph 
node (LN) dissection when clinically indicated. 

It is our experience that the transperitoneal approach 
does not prevent the patient from receiving adjuvant radia- 
tion therapy if required, as all pelvic structures are repo- 
sitioned to their preoperative anatomical locations. The 
small bowel does not get interposed between the pubic 
bone and the bladder postoperatively. 

There is a widespread belief that minimally invasive 
prostatectomy should mimic what is done in open surgery. 
Actually, the extraperitoneal laparoscopic technique is 
expected to improve on the open prostatectomy technique 
given its much better visualization and working room. 


E THE INSTRUMENTS 


The quality of the optical chain (camera and monitor) is 
important, especially late in the procedure when the ana- 
tomical constraints of the deep pelvis limit the quality of 
the images. The monitors can either be flat liquid crystal 
display panels or conventional cathode ray tube (CRT). 
The quality of the conventional CRT in terms of color, 
resolution, brightness, and viewing angle is superior and 
is our preference. 
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We perform the LRP with mostly reusable material: 
two axial long prehension forceps, bipolar forceps (one 
thin, one flat, and one triangular), laparoscopic scis- 
sors, three 5.5 x 55-mm trocars, one 5.5 x 55-mm tro- 
car with a lateral insufflation valve, one 10-mm Trocar, 
two straight needle holders, one 24-French Heggar rec- 
tal bougie n° and a 20-Frenc Béniqué urethral sound. 
The only disposable material is a 10-mm bag to remove 
the specimen and a 5-mm suction cannula (can also be 
reusable). In obese patients, we use longer trocars (5.5 x 
70 mm). 


m SURGICAL TECHNIQUE 


Transperitoneal pneumoperitoneum is made with the 
patient in the flat position and set at an intra-abdominal 
pressure of 12 mmHg. A 10-mm trocar is then inserted 
into the umbilicus for passage of the 0° laparoscope. 
Next, the patient is positioned in Trendelenburg, so that 
small bowel and the sigmoid colon mobilize cephalad to 
facilitate access to the pelvic region. The height and tilt of 
the operating table is adjusted to the surgeon’s preference. 
Four 5-mm trocars are inserted: one into the left iliac 
fossa, one into the midline halfway between the umbili- 
cus and the pubis, one at the level of the umbilicus in the 
right pararectal line, and the last in the right iliac fossa at 
McBurney’s point (Figure 9.2.1). Standardized steps are 
classically described. 


Pelvic Lymph Node Dissection 


The rationale for performing the pelvic lymph node dis- 
section (PLND) at the beginning of the surgery is that 
anatomic landmarks are unaltered. In addition, the field 


FIGURE 9.2.1 


Disposition of trocars in the abdomen. 
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is completely bloodless at the start, allowing optimal 
visualization and possibly maximum preservation of the 
obturator neurovascular structures. It might also mini- 
mize the risk of ureteral injury. 

The routine borders of the laparoscopic PLND have 
been the external iliac vein laterally, the medial umbili- 
cal ligament medially, the obturator nerve posteriorly, the 
Cooper ligament distally, and the bifurcation of the iliac 
vein proximally. The average number of LNs removed with 
this technique was nine as per a recent prospective study 
by Touijer et al. (26). After we switched to a more extended 
PLND, the median nodal count increased to 14 (P < .001). 
Among patients with a risk of lymph node metasta- 
ses (LNM) >1.5% as predicted by the Partin tables (27), 
the incidence of LNM increased from 4.1% to 15.4% with 
this extended PLND technique. Thus, extended PLND is 
routinely performed on all patients unless contraindicated. 
The borders of the extended PLND are the medial aspect 
of the external iliac artery laterally, the lateral aspect of the 
medial umbilical ligament medially, the pelvic floor pos- 
teriorly, the pubic ramus covered by the Cooper ligament 
distally, and the bifurcation of the iliac vein and crossing of 
the ureter over the iliac vessels proximally. Thus, the lym- 
phatic chains and nodes of the obturator and hypogastric 
arteries and veins, as well as those corresponding to the 
external iliac veins, are removed. This extent of PLND can 
only be achieved through a transperitoneal approach (28). 


First Step: Posterior Approach 
to the Seminal Vesicles 


On occasion, the sigmoid colon needs to be mobilized 
from the parietal peritoneal fold to allow its complete 
mobilization out of the pouch of Douglas and eventually 
expose the left iliac vessels if a LN dissection is to be per- 
formed. Once mobilized, the sigmoid colon may be held 
gently by the assistant with the suction canula, retracting 
the rectum superiorly, which facilitates access to the SV 
dissection (Figure 9.2.2). A 4- to 5-cm horizontal incision 
is made approximately 2 cm above the cul de sac on the 
anterior aspect of the pouch of Douglas. The dissection 
should then follow the inferior peritoneal flap. After coag- 
ulation of the few subperitoneal vessels, the dissection 
continues into an avascular plane. 

Once the sheath of the fascia upholstering the SV com- 
plex is identified, the outlines of the SVs and vasa deferentia 
(VD) are visible. This sheath of this fascia is transversally 
incised allowing clear identification of the VD. The vas is 
dissected a few centimeters from the ampulla and coagu- 
lated with bipolar forceps or clipped and then transected. 
The deferential artery runs between the vas and the SV 
and will not be visible until the vas is sectioned. This 
artery is large and can cause serious intra- and postopera- 
tive bleeding, so careful control is mandatory. Division of 
the vas and deferential artery allows access to the SV just 
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FIGURE 9.2.2 


Laparoscopic anatomy of the pelvic cavity. U, ureter; 
IIA, Internal iliac artery; EIV, external iliac vessels; B, bladder; MUL, 
median umbilical ligament; V, vas deferens; S, sigmoid colon. Arrow 
shows the point of access to seminal vesicle dissection. 


behind. The assistant’s grasping of the prostatic end of the 
vas facilitates exposure of the posterior aspect of the SV. 
The dissection of the SV should be carried out following 
a plane along its surface to avoid thermal damage to any 
surrounding neurological structures. 

The posterior aspect of the SV is usually nonvascu- 
larized and can be easily freed from Denonvilliers’ fascia. 
The anterior aspect of the SV, the one in contact with the 
bladder, is usually the plane where one to three arteries 
penetrate the gland. 

The dissection of the tip of the SV exposes one or two 
arteries that must be controlled and sectioned to free the 
SV completely. Failure to selectively control any of these SV 
arteries may cause significant postoperative hemorrhage. 

Once the first SV is dissected (usually the right one), 
the assistant should retract the previously dissected and 
transected vas to bring the contralateral VD to the midline 
and facilitate its dissection. The same surgical strategy 
for the dissection of the VD and the SV is applied to the 
contralateral side. The assistant retracts both VD upward 
with a grasper introduced through the suprapubic port to 
tent Denonvilliers’ fascia. The Denonvilliers’ fascia is then 
incised horizontally 1 cm in the midline, where it reflects 
between the prostatic base and the posterior surface of 
the SV to expose the prerectal fat (Figure 9.2.3). This 
maneuver simplifies the subsequent location of the medial 
limit of the NVBs, as it detaches the prostate from the 
rectum and prostatic pedicles. No further attempt should 
be made to develop a plane between the prostate and the 
rectum posteriorly toward the prostatic apex. 

The posterior approach to the SV constitutes the 
dissection of choice because it allows a delicate dissection 
of the SV, minimizing the risk of injuring the inferior hypo- 
gastric plexus and the cavernous nerves, and it improves 
the mobilization of the bladder neck at the moment of the 
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FIGURE 9.2.3 Posterior access to the seminal vesicles (SV) and 
opening of Denonvilliers’ fascia (DF), exposing prerectal fat. 


posterior bladder neck dissection. However, an anterior 
approach to the SV is recommended when the patient has a 
large median lobe (29) or is already impotent. In addition, 
unclear anatomy or difficulty in identifying the SV or VD 
should prompt the surgeon to approach the SV anteriorly, 
after opening of the posterior bladder neck. 


Second Step: Anterior Approach of the Prostate 


The dissection of the retropubic space is performed apply- 
ing an urachal sparing technique, in which both the ura- 
chus and the medial umbilical ligaments are spared (30). 
The technique consists of incising the anterior parietal 
peritoneum lateral to the medial umbilical ligaments, 
allowing access to the retropubic space by developing the 
embryologic coalescence plane between the urachus and 
the anterior primitive parietal peritoneum, and locating 
the initial point of access between the medial and the lat- 
eral umbilical ligaments (peritoneal fold on the inferior 
epigastric vessels) anterior to the VD; posteriorly, the dis- 
section is carried out up to the crossing of the VD with 
the umbilical ligaments. Developing the prevesical and 
retropubic spaces spares both the urachus and the medial 
umbilical ligaments. It is essential to free the bladder wall 
from its lateral and anterior attachments to create a large 
working space and to permit a tension-free vesicourethral 
anastomosis at the end of the operation. The fat of the ret- 
ropubic space must be swept laterally to expose clearly the 
internal obturator muscles, the endopelvic fascia, and the 
puboprostatic ligaments (Figure 9.2.4). Once the superfi- 
cial dorsal vein is transected, the fat covering the endopel- 
vic fascia can be easily swept off. 

The entire endopelvic fascia is incised laterally on 
its line of reflection, starting at the level of the base of 
the prostate and extending anteriorly toward the apex, 


FIGURE 9.2.4 Endopelvic fascia and puboprostatic ligaments. SDV, 
superficial dorsal vein; EPF, endopelvic fascia; *, puboprostatic liga- 
ments; APA, accessory pudendal artery. 


exposing the levator ani muscle. We identify one or more 
accessory pudendal arteries (APAs) during dissection of 
either the endopelvic fascia or the puboprostatic ligaments 
in 25% of cases. This APA should be preserved, since, 
instead of penetrating into the prostate, it continues paral- 
lel to the DVC toward the anterior perineum, and it may 
have an impact on recovery of potency in patients under- 
going nerve sparing surgery (31-34). 

The DVC is then ligated with a 2-0 polyglactin suture 
on an SH needle. Depending on the size of the plexus, a 
second separate suture or a “figure of 8” stitch may be 
placed to make the ligation more secure. In the case of 
bleeding from the DVC, it is useless to try to control it 
with any kind of fulguration. Instead, the intra-abdominal 
pressure can be transiently raised up to 20 mmHg while 
the definitive ligature is placed. 

Transection of the complex is not required at this 
point as it will only cause useless bleeding. This step will 
be performed later in the operation. Actually, the whole 
sectioning and suture of the DVC is sometimes carried out 
at the time of apical dissection, especially in the presence 
of APAs. 

A stitch to prevent back bleeding from the preprostatic 
veins is placed on the anterior aspect of the prostate. This 
stitch may be of help during the bladder neck dissection by 
decreasing the back flow coming from the transected veins 
on the prostatic side. 

Between May and December 2005, 100 consecutive 
patients who underwent transperitoneal urachal-sparing 
LRP were prospectively evaluated for technique feasibil- 
ity, intraoperative quality of the anastomosis, length of 
catheterization, and postoperative complications. We 
found sparing of the urachus and medial umbilical liga- 
ments saves time, avoids the risk of bleeding from both 
the urachus and the umbilical ligaments, and keeps the 
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bladder out of the field during the dissection of the bladder 
neck (35). Furthermore, this approach neither added 
noticeable tension to the urethrovesical anastomosis nor 
increased the morbidity of the procedure. In comparison 
to the extraperitoneal approach, it offers a wider working 
space and a tension-free urethrovesical anastomosis and 
allows for an extended PLND. In addition, incision of the 
urachus and the umbilical ligaments was never necessary 
to complete the LRP. The median time to catheter removal 
remained unchanged (7 days). However, urachal-sparing 
LRP will not prevent uroperitoneum or intraperitoneal 
bleeding if a urinary leak or a surgical field hemorrhage 
occurs. 


Third Step: Bladder Neck Dissection 


This step is often felt to be difficult since the anatomical 
landmarks are not as well defined as in other phases of 
the surgery. The place where the bladder neck should be 
dissected is exactly where the fat becomes adherent to the 
anterior bladder wall. For this area to be recognized, the 
anterior prevesical fat must be swept off superiorly until 
it becomes more adherent to the detrusor. This causes a 
faint outline at the prostatovesical junction, at the exact 
location where it should be opened. It is generally easy 
to develop the plane of dissection between bladder and 
prostate with sharp and blunt dissection. The vesical end 
of the prostatic urethra is identified by a sudden change 
in the orientation of the muscular fibers, which become 
longitudinal rather than circular or plexiform. The blad- 
der is emptied again and the catheter balloon deflated. 

The bladder neck is incised transversally, and the 
tip of the Foley catheter is pulled upward with a grasper 
inserted through the suprapubic port. The assistant pulls 
this grasper and at the same time places tension by pull- 
ing the Foley catheter to tent and lift up the prostate and 
expose the PBN wall. The entire thickness of the PBN wall 
is then incised. This is a step where the dissecting pace 
should be reduced as this is a highly vascularized area, 
and discrete coagulation alternating the use of the tip of 
the scissors and the bipolar forceps is needed. The ure- 
teral orifices may be close to the edge of the bladder and 
their location should always be checked, especially when 
a median lobe is present, as the bladder mucosa may need 
to be incised closer to the ureteral orifices to achieve a safe 
oncologic margin. 

The correct plane of dissection leads to the recogni- 
tion of longitudinal muscular fibers tented between the 
prostate base and the posterior layer of the detrusor at the 
bladder neck. This fibromuscular tissue should be incised 
to gain access to the previously dissected vasa and the SVs. 
The VD and SV (which were previously dissected) are then 
simply brought forward. This maneuver leaves both pros- 
tatic pedicles and the edges of the bladder neck lateral to 
the SVs. 
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Many reports on LRP state that incision of the 
“anterior layer of Denonvilliers fascia” is needed to access 
the SV and VD during dissection of the PBN (11, 14,15, 
36-41), which is inconsistent with the accepted anatomic 
description of Denonvilliers fascia (42-45). 

We replicated the laparoscopic anterior and PBN 
dissection on 5 fresh cystoprostatectomy specimens and 
on 20 additional prostatectomy specimens, and biop- 
sied the identified components of the PBN for histologic 
evaluation by 2 specialized uropathologists. After incis- 
ing the mucosa of the PBN, we identified an intimate 
fusion of two tissue layers that needed to be cut into to 
gain access to the SV and VD. The inner layer was com- 
posed of longitudinally disposed smooth muscle fibers 
in all patients, in continuation with the outer longitu- 
dinal fibers of the detrusor. The outer layer was com- 
posed of fibroadipose tissue, in continuation with the 
adventitia of the bladder. We did not find Denonvilliers 
fascia interposed between the posterior bladder wall and 
the SV. We concluded that there had been an anatomic 
misinterpretation, and those longitudinal muscle fibers 
correspond to the median fascicle of the dorsal muscle 
bundle of the outer longitudinal layer of the bladder. In 
addition, they constitute a critical anatomic landmark to 
guide the surgeon into the correct plane of dissection of 
the SV and VD (46-48). 

Because dissection of the PBN is one of the crucial 
and difficult steps of LRP, we systematically try to identify 
these fibers to ascertain the correct plane of dissection, 
particularly in difficult scenarios, for example, salvage 
prostatectomy or in patients with benign prostatic hyper- 
plasia, large median lobes, or prior transurethral resection 
of the prostate. Recognition of the longitudinal muscle 
fibers represents a pivotal component of a PBN dissection 
properly done. Incision of these fibers not only provides 
safe access to both the SV and VD but also helps the sur- 
geon to stay away from the base of the prostate and mini- 
mize the possibility of a positive surgical margin (PSM) 
at this location. This will subsequently facilitate identi- 
fication and control of the prostatic pedicles as well as 
adequate dissection of the NVB. 


Fourth Step: Control of the Prostatic Pedicles 
and Dissection of the NVB 


Once the edges of the bladder neck are dissected, lateral 
to the SV, the entire tissue is composed of prostatic ped- 
icle first and the NVB posteriorly. The prostatic pedicle 
should be taken down with meticulous coagulation with 
thin bipolar (the so-called nano bipolars) or controlled 
with clips. This procedure is facilitated by anterior trac- 
tion on the SVs. Dissection of the NVB can be performed 
at variable distances from the prostate. The amount of 
periprostatic tissue removed with the specimen will 
depend on the characteristics of the tumor, its location 
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and Gleason score, magnetic resonance imaging (MRI) 
results, and digital rectal examination (DRE). 

Keeping this in mind, there are three surgical methods 
to dissect the NVB (Figure 9.2.5). First, an intrafascial 
technique where the NVB is completely preserved, as the 
dissection is carried out between the prostate gland and 
the prostatic fascia (Figure 9.2.6). Second, an interfascial 
technique where the NVB dissection is performed lateral 
to the prostatic fascia but sparing as much NVB as pos- 
sible. Finally, the extrafascial dissection takes place lateral 
to the NVB. 

The type of NVB dissection (intrafascial, interfascial, 
or extrafascial) (49) is currently tailored to the side-specific 
characteristics of the tumor, based on results of 14-core 
biopsy labeled according to the location, the rectal exami- 
nation, serum prostate-specific antigen (PSA), and evidence 
of extracapsular extension (ECE) on endorectal coil MRI. 
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FIGURE 9.2.5 Planes of neurovascular bundle dissection. Extra, extrafas- 
cial; Inter, interfascial; Intra, intrafascial. 


FIGURE 9.2.6 Intrafascial dissection of the right NVB. P, prostate; LA, levator 
ani; TA, tendinous arch of the pelvis; NVB: neurovascular bundle. 
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Asa general rule, an intrafascial dissection is currently 
performed in patients with prostate sides with no palpable 
nodules and a negative ipsilateral biopsy. However, a pros- 
tate side with a single-positive biopsy with Gleason 3 + 3 
or 3 + 4 compromising a medial core without signs of ECE 
may be suitable for an intrafascial dissection. Based on 
oncology safety grounds, the intrafascial dissection of the 
NVB is limited to the posterolateral aspect of the pros- 
tate; Denonvilliers’ fascia is always left covering the poste- 
rior aspect of the prostate, and the prostatic fascia always 
remains covering the anterolateral face of the gland. These 
criteria should be taken as a general guideline and not as 
a strict rule. 

In a recent study of preoperative and intraoperative 
risk factors for side-specific PSMs in LRP, we found that 
sparing of NVBs (intrafascial technique) was not a risk 
factor for positive margins in adequately selected patients. 
Elevated serum PSA (>10 ng/mL), small glands (<30 g), 
biopsy Gleason scores of 7, or bulky disease as indicated 
by high percentage of tumor on biopsy cores were inde- 
pendent predictors of side-specific PSMs. Preoperative use 
of MRI and clinical stage were neither protective nor risk 
factors. The side-specific PSM rate was 7%, and the over- 
all unadjusted PSM rates decreased from 17% to 9% over 
time (50). 


Fifth Step: Apical Dissection of the Prostate 


At this point in the operation, the prostate is anchored by 
four definite structures: the DVC, the urethra, the distal 
attachments of the Denonvilliers’ fascia to the rectoure- 
thralis muscle, and the distal third of both NVBs. 

In sequence, we first section the (sometimes already 
ligated) DVC. The DVC is incised until an avascular plane 
of dissection between the DVC and the urethra is devel- 
oped. A Béniqué sound is introduced to help identify the 
urethra by improving the tactile perception of its limits. 
Next, we complete the dissection of the distal third of the 
neurovascular bundles. During this step, excessive trac- 
tion on the prostate should be avoided so as not to stretch 
the urethra and the sphincteric complex (Figure 9.2.7). 

Then, once the NVBs have been dissected from the 
apex, the distal attachments of Denonvilliers’ fascia are 
incised on both sides. It is individualized at the apex 
and dissected from the posterior aspect of the urethra. 
Finally, after the prostate has been freed from all these 
structures, it will be left hanging from the urethra and 
is incised with cold scissors. In agreement with other 
authors (51), we observed that sectioning the urethra 
after dissection of the apex decreases the incidence of 
positive apical margins. 

Extensive dissection or skeletonization of the urethra 
should be avoided as it may be the chief mechanism con- 
tributing to postoperative urinary incontinence. The pubo- 
prostatic ligaments should be incised closer to the prostate 
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FIGURE 9.2.7 Apical dissection of the prostate. U, urethra; PA, pros- 
tate ápex; *, pillars of the urethra; SU, sphincteric complex; DVC, dorsal 
vascular complex. 


gland than to the pubic bone to minimize any damage to 
the anchoring system of the urethra to the posterior aspect 
of the pubic bone. 

Once the specimen is free, a 5-mm scope is inserted 
through a lateral port and the gland is placed into the 
10-mm laparoscopic bag. The umbilical incision is exten- 
ded at the midline according to the size of the gland and 
the specimen is extracted (Figure 9.2.8). The gland is 
macroscopically examined for the presence of induration, 
nodularity, or an area suspicious for positive margin that 
could require confirmation by frozen section examina- 
tion. When in doubt of a PSM, we recommend submit- 
ting the entire gland for pathologic evaluation, tagging the 
suspicious areas with a 6-0 stitch. Evaluation of a possible 
positive margin should not be done from a second sample 
of tissue taken from the prostatic bed. In the event of a 
pathologic confirmation of a PSM, additional tissue is to 
be resected. 

The umbilical fascia is carefully closed with two 
running 0 sutures starting at each edge and tightened 
(not tied) around a 10-mm trocar. Then the abdomen is 
re-insufflated. The pelvis is inspected and any clots are 
aspirated, and the pelvis is irrigated with saline at 37°C 
temperature. Hemostasis is confirmed. Always include 
inspection of the SV lodge, the prostatic pedicles, and 
the NVBs, as these are the most frequent locations of 
bleeding. 


Sixth Step: Urethrovesical Anastomosis 


We never evert the bladder mucosa and we do not recon- 
struct a large bladder neck opening before the anastomo- 
sis is done. An anterior tennis racquet is usually performed 
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FIGURE 9.2.8 Prostate extraction in a bag through an extension of 
the umbilical incision. 


at the end if needed. In 350 cases followed prospectively, 
we found only one case of bladder neck contracture (BNC) 
secondary to a pelvic hematoma. 

When the anastomosis is performed with interrupted 
sutures, approximately 10 interrupted stitches of 3-0 
polyglactin suture with a 18-mm half circle needle are 
used. All knots are tied intracorporally. The Béniqué 
sound not only helps to guide the needle into the urethral 
lumen but also to take the full thickness of the urethral 
wall with the stitch. 

The three first sutures are placed posteriorly at 5, 6, 
and 7 o’clock, going inside-out on the urethra and outside- 
in on the bladder neck. The 5 o'clock stitch goes inside-out 
on the urethra (right hand, forehand) and outside-in on the 
bladder (right hand, forehand); the 6 and 7 o’clock stitches 
go inside-out on the urethra (right hand, forehand) and 
outside-in on the bladder (left hand, forehand). Therefore, 
these stitches are tied intraluminally, and in our experi- 
ence, this has not been associated with calcifications, 
lithiasis, or BNC. 

Four other sutures are symmetrically placed at 4 and 
8, then 2 and 10 o’clock, and tied outside the lumen. 
The sutures at 4 and 2 o’clock go outside-in on the blad- 
der (right hand, forehand) and inside-out on the urethra 
(left hand, backhand). The sutures at 8 and 10 o’clock go 
outside-in on the bladder (left hand, forehand) and inside- 
out on the urethra (right hand, backhand). 

Three final anterior stitches are placed at 11, 12, 
and 1 o’clock, symmetrically to the posterior stitches. 
The 11 and 12 o’clock stitches go outside-in on the ure- 
thra (right hand, forehand) and inside-out on the blad- 
der (right hand, forehand), whereas the 1 o’clock stitch 
goes outside-in on the urethra (right hand, forehand) and 
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inside-out on the bladder (left hand, forehand). Once the 
stitches are tied, the Foley catheter is inserted. The blad- 
der is filled with 180 mL of saline to check for water 
tightness of the anastomosis and confirm the correct 
position of the catheter. Finally, the balloon is inflated 
with 10 mL of sterile water. 

The urethrovesical anastomosis can also be accom- 
plished with a running suture, which may be less demand- 
ing but which may theoretically reduce the lumen of the 
anastomosis (52). The reader is referred to this citation for 
technical details. 


Seventh Step: Completing the Operation 
and Drainage 


The abdominal pressure is lowered to 5 mmHg, to check 
for venous bleeding. One or two suction drains are placed, 
one anteriorly in the retropubic space and one posteri- 
orly, between the rectum and the bladder in case the SV 
had been dissected with a posterior approach. The 5-mm 
trocars are removed under visual control, and the pari- 
etal orifices are checked to exclude any vascular injury, 
particularly of the epigastric vessels. At the end, the two 
running sutures are tied together to close the fascial layer 
of the umbilical incision. A 4-0 running subcuticular 
Poliglecaprone is used in all port incisions. 


m POSTOPERATIVE CARE 


For pain management, patients are initially given 
morphine sulfate in the recovery room 2 to 5 mg intra- 
venously (IV) q2 hours as needed + Ketorolac 15 mg IV 
q6 hours for a maximum of six doses. When patients 
can tolerate fluids orally, Oxycodone 5 mg with acet- 
aminophen 325 mg replaces the previous medications. 
Patients are requested to ambulate with assistance on 
the night of the surgery and then without it the follow- 
ing day until discharge. Patients are given clear fluids 
6 hours after surgery and a light breakfast the follow- 
ing morning. Diet is progressed to regular if adequately 
tolerated. 

The Foley catheter is removed after postoperative day 7. 
Cystograms are not routinely performed. Kegel exercises 
are started 3 days after catheter removal (53-55). 

Patients usually start passing flatus on postoperative 
day 2 and have their first bowel movement on postopera- 
tive day 3. It is recommended that they avoid abundant 
meals until after they start moving bowels. Drinking flu- 
ids is encouraged while patients have the Foley catheter 
in place; however, fluid may be decreased to what they 
normally drink after the Foley catheter is removed. 

Full exercise, including sexual activity, may be 
resumed 3 weeks after surgery (56-58). 
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m COMPLICATIONS AND MANAGEMENT (59) 


Intraoperative Complications 
Bleeding From the DVC 


Although laparoscopy allows a clear vision of the apex, 
and the pneumoperitoneum provides a tamponade effect, 
bleeding from the DVC can be significant and may affect 
the remainder of the operation due to impaired visibil- 
ity. A meticulous, not extensive though, apical dissection 
defining the principal anatomical elements around the 
DVC is essential to preventing unnecessary hemorrhage. 
When the ligating suture is loose, placed too proximal, 
or cut during the transection of the DVC, bleeding can be 
controlled by increasing the pneumoperitoneum pressure 
up to 20 mmHg, by clamping the DVC with a grasper, or 
simply by having the assistant compress the DVC against 
the pubic bone with the Benique sound. This allows a 
tamponade effect while the surgeon is calmly preparing a 
second ligating suture. Once tied, the DVC stitch can be 
anchored to the periosteum of the pubic symphysis. 


Bladder Injury 


The bladder is more likely to be inadvertently damaged 
at three different times during transperitoneal LRP. First, 
during the posterior dissection of the SV, dissection in 
fatty tissue should alert the surgeon of a plane either too 
close to the bladder or too close to the rectum. Second, 
during the development of the retropubic space, any exces- 
sive bleeding should alert the surgeon of a dissection too 
close to the bladder. Third, during the dissection of the 
PBN, the area at risk is the trigone and retrotrigonal blad- 
der wall. On identification, the surgeon should verify the 
integrity of the ureters and ureteral orifices and repair the 
bladder with resorbable suture. 


Rectal Injury 


Rectal injuries most frequently occur during prostate 
dissection at the apex. They may result from a direct cut 
into the rectal wall or from a microperforation secondary 
to thermal injury due to excessive cauterization on the 
rectal wall surface (60). The risk of rectal injury increases 
when there is a substantial amount of periprostatic inflam- 
matory reaction, prior prostate surgery or radiation, a 
large volume gland with a narrow pelvis, extrafascial 
NVB dissection, and surgeon inexperience. Intraoperative 
rectal examination with the finger, rectal bougie, or the 
water test (filling the pelvis with saline and air insufflation 
through the rectum) might help prevent or identify rectal 
injuries while incising Denonvilliers’ fascia and dissecting 
the posterior surface of the prostate. 

If an incision on the rectal wall is recognized, it is gen- 
erally accepted that the defect can be sutured primarily 
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with two layers of interrupted 2-0 silk after débridement 
of any devitalized tissue if no gross fecal soiling is 
observed. Interposition of an omental flap or pararectal 
fat flap is not routinely necessary. However, in face of a 
large, devitalized rectal laceration or of gross soiling, a 
temporary diverting colostomy is advisable. 

Microperforations of the rectal wall often go unrec- 
ognized until after the Foley catheter is removed and is 
manifested by a rectourethral fistula. The first therapeu- 
tic option is to reinsert the Foley catheter until the fis- 
tula heals spontaneously. If this conservative method fails, 
elective surgical approach of the rectourethral fistula 
should be considered. Needless to say, prevention is the 
mainstay of therapy. 


Ureter Injury 


An injury to the ureter can occur during the dissection of 
the SV by mistakenly sectioning the ureter instead of the 
VD, by an inadvertent thermal injury, or injury of the ure- 
teral orifice during dissection of the PBN. When the injury 
is not identified intraoperatively, a persistent urine leakage 
or uroperitoneum with a watertight anastomosis suggests 
the diagnosis. Ureteral reimplantation is the treatment of 
choice. Another reported ureteral complication is a post- 
operative anuria caused by incorporation of the ureteral 
orifices in the urethrovesical anastomotic sutures. If iden- 
tified while the patient is in hospital, the anastomosis 
should be redone laparoscopically. 


Epigastric Artery Injury 


Because of anatomy, the epigastrics are more frequently 
injured while placing the right paramedian port. Bleeding 
around the trocar, either internally or externally, suggests 
a vessel injury. Placement of the port lateral to the rec- 
tus abdominis muscle is safer. Venous injury can be man- 
aged successfully by tamponade, whereas arterial injury 
requires surgical hemostasis using the Reverdin or the 
Carter-Thomason needle. As a fundamental rule of lapa- 
roscopic surgery, all the trocars should be removed under 
direct vision with decreased abdominal pressure. 


Postoperative Complications 
Urine Leakage 


An increased and prolonged urine output from the pelvic 
drain suggests the diagnosis. In the majority of cases, the 
left posterior aspect of the anastomosis may not be water- 
tight and is managed conservatively by prolonging both 
bladder and pelvic drainage. If the leak persists despite a 
conservative treatment, a ureteral injury or an eversion of 
the ureteral orifice outside of the anastomosis needs to be 
ruled out. 


Laparoscopic Radical Prostatectomy: Techniques and Complications 


157 


On occasions, the urinary leak may be diagnosed after 
the catheter is removed. In patients with transperitoneal 
radical prostatectomy, the sudden onset of sharp abdomi- 
nal pain during or immediately after urination is a uri- 
nary leak until proven otherwise. The treatment consists 
of reinsertion of the catheter and reassessment of the anas- 
tomosis by a retrograde cystogram at a later date to ascer- 
tain a complete healing of the anastomosis. We advocate 
obtaining a urinalysis before any manipulation to identify 
and treat any urinary tract infection and limit the risk of 
uroperitonitis. 


Small Bowel Injury 


The small bowel can be injured either early in the 
operation during trocar placement or by thermal injury 
during prostate dissection. A missed bowel injury 
will manifest by ileus, increased abdominal pain, and 
decreased white blood cell counts with or without signs 
of systemic infection. Prompt computed tomography 
scan imaging with oral contrast may lead to the diag- 
nosis. Therapy requires a re-exploration, which can be 
done laparoscopically. 


Nerve Compression and Compartment Syndrome 


Ulnar and brachial neurapraxia have been reported 
following LRP and have resulted in a transient paresis. 
This type of complication is related to patient positioning. 
One way to prevent it is by avoiding narrow OR tables so 
that the operating surgeon does not inadvertently lean on 
the patient’s arm. 

We prefer the low lithotomy position because it allows 
easy access to the rectum if needed. However, lithotomy 
position for long periods of time may lead to compart- 
ment syndrome, a potential complication that should 
always be ruled out postoperatively. Overtightness of the 
calves by the sequential compressive devices and stirrups 
might contribute to this syndrome. Distal pulses should 
always be assessed pre- and postoperatively as well as dis- 
tal capillary refill at the nail beds, as it usually precedes 
cessation of arterial flow. Myoglobinuria, electrolyte dis- 
turbances, disorders of acid—base balance, and serum CK 
values of over 2,000 U/L after surgery may be consid- 
ered a warning sign in ventilated and sedated patients, 
in whom early clinical symptoms of compartment syn- 
drome, such as pain and paresthesias, cannot be ascer- 
tained (61). The treatment is emergent fasciotomy of the 
muscular groups involved. 

Obturator nerve neurapraxia is usually associated 
with PLND. It is manifested by different degrees of post- 
operative throbbing, unrelenting leg pain, and weakness. 
Abducting capacity of the leg is markedly diminished and 
more frequently takes place on the left side due to the 
greater difficulty of the PLND on this side (62, 63). 
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In the presence of postoperative leg pain, think first 
of acute compartment syndrome, particularly if symptoms 
are bilateral, outside the abductor muscle territory, and in 
a patient in whom PLND had not been performed. 


m CONCLUSIONS 


LRP was introduced almost 20 years ago for the surgical 
treatment of localized prostate cancer. Since its inception, 
the technique, however challenging, has undergone con- 
tinuous refinements that make it today a feasible, repro- 
ducible, and teachable operation practiced by urologists 
worldwide, particularly in countries where the cost con- 
straints of the robotic assistance makes it unavailable. The 
advantages of the laparoscopic approach are a magnified 
view of the anatomic structures and decreased venous 
bleeding in the surgical field to allow an accurate dissec- 
tion of the prostate and NVB. These advantages should 
translate to better outcomes, in terms of cancer control 
and functional results. 
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Radical prostatectomy for the treatment of clinically 
localized and locally advanced prostate cancer has under- 
gone a significant and controversial transformation in the 
last 10 to 15 years. At the crux of the controversy is a surgi- 
cal technique that has all but replaced the gold-standard, 
radical retropubic prostatectomy (RRP); that technique is 
robotic-assisted radical prostatectomy (RARP). From a tem- 
poral standpoint, RARP came into existence just after lapa- 
roscopic radical prostatectomy (LRP), the first attempt at 
minimally invasive prostatectomy that had some popularity 
in the 1990s but is now essentially obsolete in the United 
States, having been supplanted by RARP. Part of the reason 
for this occurrence is the technical difficulty and irreproduc- 
ibility of good outcomes with LRP, both of which have been 
achieved by its successor. Other advantages of RARP over 
LRP include a more ergonometric setup that is less taxing 
to the surgeon; more degrees of freedom of motion enabled 
by wristed instruments that offer finer dissection and more 
accurate movements in the tight male pelvis; nonparadoxical 
movements that make the operation easier to learn and cer- 
tainly easier to teach to trainees; and more advanced optics, 
being three dimensional, magnified, and high definition. 
Critics of RARP cite the lack of tactile feedback in 
robotic surgery that is inherent in open, and to a lesser 
degree, in a laparoscopic surgery. This would certainly be 
an issue for palpable tumors in patients with clinical T3 
or bulky disease. In addition, no one has yet been able to 
completely explain away the increased cost associated with 
robotic surgery over the more traditional forms of surgery, 
namely open and laparoscopic. According to a Perspective 
article in the New England Journal of Medicine, across 
20 types of surgery, the additional variable cost of using a 
robot-assisted procedure was about $1,600 or about 6% 
of the cost of the procedure in 2007. When the amortized 
cost of the robot itself was included, the additional total 
cost of using a robot-assisted procedure rose to about 
$3,200 or about 13% of the cost of these procedures (1). 
Although this would appear to be sufficient deterrent 
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against the widespread use of this technology, in reality 
it has not changed the continued increased growth rate 
of Intuitive Surgical, Inc., the company that manufactures 
the daVinci® surgical system, its only product and the 
only robotic surgical system in commercial existence at 
the time of the writing of this chapter. Intuitive Surgical 
claims that more men in the United States choose RARP 
over LRP and standard open radical prostatectomy for 
the treatment of their prostate cancer, with an estimate of 
80% of all radical prostatectomies having been performed 
with robotic assistance in the last calendar year (2). 

At our institution, the vast majority (85%—90%) of 
all radical prostatectomies performed for clinically local- 
ized or locally advanced prostate cancer are RARP with 
the remainder being RRP. It is surgeon’s preference when 
considering which technique to perform, although many 
of our RRP candidates had been excluded from consider- 
ation for RARP for a variety of reasons. Our current abso- 
lute contraindications for RARP include morbid obesity 
(body mass index >55), extensive prior intra-abdominal 
surgeries, or bulky disease. Most of these patients are 
treated with RRP or primary radiotherapy. With regard 
to the last mentioned contraindication, namely bulky dis- 
ease, we believe that the ability to feel cancer-related indu- 
ration during surgery may benefit these patients from an 
oncologic standpoint, and we will obtain pelvic magnetic 
resonance imaging (MRI) on those patients who we con- 
sider to be at risk for gross extracapsular extension. If that 
MRI demonstrates findings consistent with bulky locally 
advanced disease, we will recommend these patients for 
open RRP as the primary surgical consideration. 

Our evaluation for newly diagnosed prostate cancer 
patients closely follows National Comprehensive Cancer 
Network guidelines, with a bone scan performed for 
staging for intermediate- and high-risk disease. As men- 
tioned in the previous section, a pelvic MRI is obtained 
on patients who are believed to be at risk for locally inva- 
sive, bulky disease and in whom a RARP may thus not 
be appropriate. For those patients who are to undergo a 
RARP, a cystoscopy is performed preoperatively to evalu- 
ate for urethral strictures, a hypertrophic median lobe, 
bladder mucosal abnormalities, and the proximity of the 


ureteral orifices to the bladder neck. 
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Pneumoperitoneum is established up to a pressure of 
15 mmHg with a Veress needle through a vertical incision 
approximately 1 to 2 cm supraumbilically in the midline, 
and the first trocar (12 mm) is placed at this point; this 
is the camera port. Next, four working ports (3 8-mm 
robotic ports and an additional 12-mm assistant port in 
the right lower quadrant) are placed along a semilunar arc 
that extends 15 to 16 mm from a focal point at the cen- 
ter of the pubic symphysis. A final 5-mm assistant port is 
placed in the right upper quadrant about 5 to 6 cm cepha- 
lad from the 8-mm right periumbilical robotic port in the 
same longitudinal plane. Prior to docking the robot, the 
patient is placed in a steep Trendelenburg position. Once 
the robot is docked, instruments are inserted. We use a 
0° lens, monopolar cautery shears, bipolar forceps, and 
a grasping forceps for the entire procedure. Needle driv- 
ers are inserted for the appropriate portions of the case. 
RARP is performed exclusively through a transperitoneal 
approach at our institution. 

When we described our technique in the past, we 
mentioned selectively starting the procedure through 
an approach posterior to the bladder at the level of the 
ampullae of the vasa deferentia and the seminal vesicles 
for patients on whom we believed that the posterior blad- 
der neck dissection may be complicated, such as with very 
large or very small prostates, a large median lobe, or in 
patients who had undergone prior bladder neck proce- 
dures, such as a transurethral resection of the prostate (3). 
We believe that this initial posterior dissection, by mobi- 
lizing the rectum posteriorly at the onset of the procedure, 
assists the surgeon in disarticulating the posterior bladder 
neck in the appropriate plane. This initial posterior dissec- 
tion also ensures efficient and complete dissection of the 
seminal vesicles, with the potential benefit of less traction 
and dissection near the more laterally located neurovas- 
cular bundles. Since this time, we have adopted an initial 
posterior approach for all of our RARP procedures. Not 
only does this help to manage one of the more stressful 
portions of the case, particularly at a teaching institution, 
but also there is hypothetical benefit when it comes to 
nerve sparing, taking into account that the neurovascu- 
lar bundle that controls erections courses along the tip of 
the seminal vesicle prior to diving into the posterolateral 
groove along the longitudinal axis of the prostate (4). 

Although not all surgeons have adopted the poste- 
rior approach at the onset of RARP, there are remark- 
able similarities in technique for the remainder of the 
case, culminating in the anastomosis, in which the Van 
Velthoven one knot, two suture method, has gained essen- 
tially unanimous adaptation. Two reasons for uniformity 
in technique for RARP are undoubtedly the reproducibil- 
ity and advancement in teaching media. Because of the 
visual nature of this procedure and the fact that a robotic 
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surgery can be readily digitally captured and uploaded, the 
evolution of technique can take a much more rapid pace, 
converging on the most efficacious methods. A learning 
surgeon need not go any further than his home or office 
computer to study and perfect RARP. 

In order, starting from the posterior approach, our 
technique of RARP flows through the following surgical 
steps: takedown of the bladder by incising bilateral medial 
umbilical ligaments and the urachus; removal of fat overly- 
ing the prostate; incision of the bilateral endopelvic fascia 
with division of bilateral puboprostatic ligaments; dissec- 
tion of the anterior bladder neck (anterior peel) to open the 
bladder and utilization of the Foley catheter for upward 
traction to facilitate dissection of the posterior bladder 
neck; exposure and anterior traction of the previously 
dissected vasa deferentia and seminal vesicles; incision of 
Denonvilliers’ fascia and isolation of the prostatic pedicles 
and neurovascular bundles; ligation of the prostatic pedi- 
cles and accomplishment of degree of nerve-sparing based 
on patient and tumor parameters; ligation and division of 
the dorsal venous complex (DVC) with subsequent divi- 
sion of the urethra and rectourethralis tissue; pelvic lymph 
node dissection with template based on risk stratification 
of patient; running vesicourethral anastomosis based on 
the technique described by Van Velthoven (3). 


m OUTCOMES 


There are a couple noteworthy alterations in our tech- 
nique that we have employed in response to systematic 
subanalyses of our outcomes and equipment modifications 
by both the manufacturers of the robotic surgical system 
and surgical technologies in general. In 2007, we evalu- 
ated our positive surgical margin (PSM) outcomes in our 
first 200 RARP cases. When focusing on organ-confined 
(pI'2) disease, we noted a PSM incidence of 10%, which at 
the time was consistent with other reports in the literature 
for all approaches to radical prostatectomy. When inspect- 
ing our PSMs more closely, however, we noted that 60% 
of those PSM in pT2 disease were apical. In response to 
that, we undertook the following alterations to our tech- 
nique in apical dissection: (1) in distinction to ligating the 
DVC at the beginning of the operation, after division of 
the endopelvic fascia, we started to do so at the end of the 
operation, after dividing the pedicles and dissecting free 
the neurovascular bundles. In doing such, we felt that we 
were visualizing the DVC more completely and obtaining 
a cleaner ligation without including incidental apical tis- 
sue; and (2) we left a small (1-2 mm) cuff of distal urethra 
on the apex of the prostate when dividing as opposed to 
dividing flush with the urethroprostatic junction. The 100 
cases after these alterations saw our pT2 PSM rate drop 
significantly to 6%, with 35% being located apically. 
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The next alteration to our technique was our method 
of nerve sparing. Although there are several vessel seal- 
ant technologies that are available to the surgeon on the 
robotic platform and to the assistant surgeon at the bed- 
side, and all of these technologies can readily secure the 
prostatic pedicles with minimal thermal spread to the 
adjacent neurovascular bundles, we have gone back to the 
tenets of nerve sparing that we learned in open prostatec- 
tomy, namely no thermal energy around the neurovascu- 
lar bundles with minimal traction and manipulation of 
the tissue. The robotic Hem-o-lok® clip applier has well 
lended itself to this approach, and we (5) regularly employ 
these clips to our patients who receive a bilateral nerve 
sparing procedure. Accordingly, our potency rate, defined 
as an ability to have sexual intercourse, in men who had 
unaffected preoperative erections and who received a 
bilateral nerve sparing procedure, is 80% to 85% when 
evaluated at 1 year post-RARP. The corresponding con- 
tinence rate in these men is approximately 95%; both of 
these rates compare very favorably with what has been 
reported the radical prostatectomy literature, regardless 
of the surgical approach (6). 

A relatively new innovation in surgical equipment that 
we, like others, have started to utilize in our urethrovesi- 
cal anastomosis is the barbed suture. We find that utili- 
zation of this suture type keeps a constant back tension 
on the already completed anastomosis, allowing us to 
use both of our working instruments to place upcoming 
sutures. This effectively converts this portion of the opera- 
tion from a one-handed procedure to a more coordinated 
two-handed procedure. This not only improves the quality 
of the anastomosis but also speeds this part of the 
operation. 
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Robotic technology has indeed radically impacted the 
surgical management of prostate cancer. One of the most 
impressive facts, however, is that the technology is still in 
its relative infancy, with the first RARP only performed 
within the last 13 years. In analyzing the rapid adoption of 
the technology and evolution of RARP, coupled with the 
constant changes and improvement of both robotic and 
surgical technologies in general, it is exciting to imagine 
what the future will hold. 
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Capture, Virtual Reality, 
and the Future of Radical 
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Inherent in the argument of which method of radical 
prostatectomy will stand the test of time, radical 
retropubic prostatectomy (RRP) or robotic-assisted 
radical prostatectomy (RARP), is training: Many posit 
that because RARP is a predominantly visual operation 
and because every movement that a surgeon makes during 
the operation is projected onto a screen for all to see, that 
it is easier to teach. Indeed, the relative extinction of RRP 
will not occur while this current generation of experienced 
open prostatectomists continues to make its case, but 
the newer generations of urologists leave their training 
programs having been overwhelmingly instructed how to 
surgically treat clinically localized and locally advanced 
prostate cancer with robotic assistance. In short, if the vast 
majority of domestic trainees are most comfortable treating 
prostate cancer surgically with RARP, eventually this will 
be the new gold standard, with RRP reserved for patients 
not fit for RARP. An article evaluating the centralization 
of radical prostatectomy queried the Nationwide Inpatient 
Sample, which revealed that 586,429 men underwent 
radical prostatectomy in the United States from 2000 
to 2008. During this time period, there was a 74% 
increase in the total number of radical prostatectomies 
performed along with a 19% decrease in the number of 
hospitals performing radical prostatectomy, resulting in a 
statistically significant increase in annual hospital radical 
prostatectomy volume. On multivariate analysis, higher 
radical prostatectomy hospital volume was associated 
with the year of the surgery, teaching status, large bed size, 
urban location, and presence of a robot at the institution (1). 
What are the training advantages that are available to 
the robotic surgeon that facilitate teaching the procedure 
and how does this compare to its open counterpart? 

In the classic RRP Halstedian model of surgical 
instruction, the assistant standing directly across from 
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the primary surgeon was the only individual in the room 
who stood a chance to observe, much less learn the pro- 
cedure, especially given the exposure of the prostate 
deep within the male pelvis. Other than this hands-on 
experience, you were left to your own devices with text- 
books, manuscripts, and surgical atlases. The irony is 
that with the advent of minimally invasive surgery came 
the concept of the learning curve, or the number of pro- 
cedures that must be performed by a surgeon prior to 
becoming competent at the procedure. For RARP, that 
number is debatable but has been projected to be as low 
as 20 cases and as high as 1,000 (2); no one has defined 
a learning curve threshold for RRP. Although this may 
be in part a byproduct of the recent emphasis placed 
on surgical training, medical errors, and competency, it 
also underscores the variability seen among trainees in 
learning RRP. In fact, because of the visual nature of 
RARP, there is a much more linear relationship between 
number of cases and surgical proficiency. Related to 
this fact, there are visual-based training devices that 
are available to the robotic surgeon that make teaching 
more effective. 


m DUAL CONSOLE 


In 2009, Intuitive Surgical, Inc., introduced their new- 
est model of the daVinci® robotic surgical system, the Si. 
From this platform, which remains in place today, the 
company has launched many of their new instrumenta- 
tions and improvements. One of these innovations is 
the dual console: the ability to attach two working con- 
soles to the daVinci® tower, allowing two surgeons to be 
actively involved in the operation. Both surgeons have the 
same three-dimensional view of the operation, and both 
can control any or all of the working instruments at any 
given time, which is accomplished with the push of a but- 
ton. The surgeon in the nonoperating console can use his 
hand-controlled joysticks to direct virtual indicators that 
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are projected into the working console and on the external 
viewing screens to point out anatomy, tissue planes, and 
so on. When a teaching surgeon sits in the second console, 
he is transformed from a passive instructor attempting to 
decipher anatomic detail from a two-dimensional moni- 
tor to an active participant who sees what the trainee sees 
and teaches in a more effective manner. Moreover, when 
he feels like the trainee is not progressing, he can easily 
take over the operation much in the manner of a driv- 
ing instructor in a car fitted with dual driving apparatus. 
He can do so without breaking scrub, moving the trainee 
off of the console, and waiting for the new assistant to 
take the surgeon’s place; thus, the flow of the operation is 
not broken for the sake of instruction. In addition, if the 
opportunity arises, the two surgeons can operate in con- 
cert, with one controlling the two main working instru- 
ments and the other on the third, using it for real-time 
intervention as opposed to passive retraction. Such col- 
laborative robotic surgery, although not yet gaining wide- 
spread utilization, has tremendous potential. 

Remarkably, there are no articles in the literature 
that have been published at the time of the writing of this 
chapter citing the value of the dual console; although at 
the sectional meeting of the Society of Urologic Robotic 
Surgeons at this year’s American Urologic Association 
annual meeting, many surgeons from teaching institu- 
tions touted its role in their operating rooms. However, 
one overriding complaint was that, although it does have 
significant advantages as a teaching tool, it adds another 
approximately half-million dollars to the cost of the pur- 
chase of a new system. This fact alone may prevent its 
widespread adoption, although in the opinion of these 
investigators, it should be a sine qua non in the operating 
room of a teaching institution. 


mB DIGITAL CAPTURE, DUPLICATION, 
AND THE INTERNET 


By virtue of being a visual operation, any RARP proce- 
dure can be easily digitally captured and immortalized 
onto a variety of media. Although there are circulating 
videos of RRP, theses cannot compare to the extensive, 
unadulterated recordings accomplished with RARP, no 
matter how creative the camera placement. The benefits 
of such recordings are innumerable. From an individual 
standpoint, a surgeon can review a case that was per- 
formed to learn a step, view a complication, or alter a 
technique. One document in the literature reports the abil- 
ity to improve pI2 surgical margin rates through review- 
ing video documentation in laparoscopic prostatectomy. 
In this report, 240 consecutive patients who underwent 
this operation had the procedure recorded. After review 
of the pathology and margin status, the authors were 
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able to go back and review the videos, identify the critical 
maneuvers, and alter their technique to cut their positive 
margin rate in half (3). 

From an educational standpoint, these videos can be 
readily made available to trainees for systematic review. 
If the trainee is looking for a newer technique or method 
of surgery, wanting to see how an expert in the procedure 
may handle difficult anatomy or clinical situations, or just 
curious, they need not go any further than their own com- 
puter, where they may have a publically circulated compact 
disc/DVD or Internet connection. Public domains such as 
YouTube® (www.youtube.com) and more private domains 
that require a login, such as the daVinci® Surgery Online 
Community (www.davincisurgerycommunity.com) con- 
tain multiple full-length RARP videos free of cost that 
have been uploaded by surgeons around the world. A final 
source is peer-review journals, which have long real- 
ized the value of circulating visual media under the aus- 
pices of their journal name. For example, the Journal of 
Endourology has an online peer-reviewed complement, 
Videourology®, that offers high-caliber video demonstra- 
tions of the latest cutting-edge robotic and laparoscopic 
surgical techniques with online access available with a 
subscription. 

These extensive learning opportunities that are avail- 
able for RARP have no comparison in the open coun- 
terpart and will continue to increase with time. It is 
conceivable that a trainee, when learning RARP, can visu- 
ally research the procedure, placing them much higher on 
the learning curve with the endpoint being autonomous 
surgical proficiency. 


E VIRTUAL REALITY SIMULATION 


One of the products of the rapidly evolving field of robotic 
surgery, which is under external pressures from the pub- 
lic and lawmakers alike for patient safety, has been the 
development and promotion of simulation. Simulation is a 
broad-based term that incorporates standardized teaching 
and assessment tools designed to replicate a realistic envi- 
ronment where trainees are forced to act upon a variety 
of scenarios so that their performance during the actual 
event is more constant, controlled, and automatic. Very 
much in the vein of aviation and military simulation, sur- 
gical simulation is part of a comprehensive curriculum 
that is required for a surgeon to practice as a board-certi- 
fied practitioner. 

Virtual reality (VR) simulation is the natural evolu- 
tion of these requirements combined with technology; it is 
perfectly matched to the robotic platform. Currently, there 
are multiple VR simulators available on the market, with 
all offering stand-alone hardware that is independent of an 
operating room, a vision monitor that allows a user or tutor 
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to observe and critique the procedure, and minimal cost of 
operation as no consumables or disposables are required. 
All also offer a variety of skill sets and performance metrics 
for the trainee that help to hone particular tasks that are 
required in robotic surgery, such as camera and arm move- 
ment and coordination. There are also several validation 
studies available for each of these VR simulation systems 
evaluating their ability to replicate robotic surgery and 
demonstrate improvement in the trainee (4). 

Although no one doubts the benefit of VR simulation 
for the novice robotic surgeon, VR simulation for robotic 
surgery falls short in the intermediate and advanced levels. 
Most validation studies fail to demonstrate construct 
validity at these levels and it is thus believed that VR simu- 
lation for robotic surgery is still in its infancy. One major 
hurdle is the development of procedural-based programs, 
as opposed to cartoonish skill sets. In fact, the amount of 
research and funding required for the development of such 
software is daunting, but it is tantalizing to imagine the 
future of this technology in teaching RARP. The interme- 
diate surgeon who is fine-tuning technique is able to draw 
upon a host of preloaded methods of a particular step of 
the procedure, and the advanced surgeon is being able to 
overlay an anatomic three-dimensional representation of 
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the patient’s anatomy into a VR surgery, thus being able to 
operate on the patient before sitting down in the operating 
room. 

The future of radical prostatectomy must be consid- 
ered in light of the training methods involved in teach- 
ing the surgery. In the information age, a procedure well 
matched to the educational media available and univer- 
sally utilized will likely prevail. 
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E INTRODUCTION 


Prostate cancer is the most common cancer in males 
and their second most common cause of cancer death. 
Extrapolating from data gathered between 2005 and 
2007, U.S. men have a 16.2% lifetime risk of being diag- 
nosed with prostate cancer. Roughly 70% of these patients 
will present with organ-confined disease, with the major- 
ity, in the prostate-specific antigen (PSA) era, presenting 
with localized, low-risk prostate cancer (1,2). 

Risk stratification into low-risk, intermediate-risk, 
and high-risk prognostic groups is based on PSA, clini- 
cal tumor stage, and Gleason score, and dictates appro- 
priate initial management options. Based on the work by 
D’Amico et al., the following inclusion criteria are most 
commonly used to define the prognostic groups: Low-risk 
includes stage T1c to T2a tumors and PSA < 10 ng/mL and 
Gleason score <6; intermediate-risk includes those with 
stage T2b to T2c tumors, and/or PSA > 10 but <20 ng/ 
mL, and/or Gleason score 7; and high-risk includes stage 
T3 to T4 tumors, and/or PSA > 20 ng/mL, and/or Gleason 
score 8 to 10(3). Low-risk prostate cancer correlates 
with American Joint Committee on Cancer 7th edition 
Group I (4). Models incorporating the percentage of posi- 
tive prostate biopsy cores, the pretreatment PSA velocity, 
the presence or absence of perineural invasion observed on 
biopsy, the T-stage, and the patient’s age provide further 
prognostic information when selecting the most appro- 
priate treatment strategy for individual patients (5-7). 
Significant debate continues with regard to the treatment 
of low-risk prostate cancer and centers around the neces- 
sity of treatment, the selection of treatment strategy, and 
the cost of treatment to patients and society as a whole. 
This debate is addressed elsewhere in the textbook and 
is beyond the scope of this chapter, which has its focus 
on external beam radiation therapy (EBRT) for men diag- 
nosed with prostate cancer in the low-risk category. 


External Beam Radiation 
Therapy: Conventional 
Fractionation 


E PRETREATMENT EVALUATION OF THE 
LOW-RISK PATIENT 


In addition to routine history and physical examination 
including a digital rectal examination, serum PSA, 
transrectal ultrasound, and serum testosterone should 
be obtained. Consensus guidelines from the American 
Urological Association (AUA), American College of 
Radiology (ACR), and National Comprehensive Cancer 
Network (NCCN) discourage routine radiographic and 
scintigraphic staging for low-risk patients (8-10). Imaging 
of the pelvis using Computed Tomography (CT) or 
Magnetic Resonance Imaging (MRI) may be obtained to 
assist in the evaluation of the size of the prostate gland, the 
extent and location of the primary tumor, and radiation 
treatment planning. The risk of pelvic lymph node involve- 
ment in localized, low-risk prostate cancer is reported to 
be 1% to 5%, and the likelihood of bone metastases is 
negligible in men with low-risk prostate cancer (11, 12). 
Therefore, bone scan is only appropriate for those low- 
risk patients in whom there is high suspicion for metastatic 
disease based on clinical findings or for those patients in 
whom osteopenia, osteoporosis, or osteoarthritis is sus- 
pected to establish a baseline prior to RT. CT staging is 
generally not recommended for the evaluation of pelvic 
nodal involvement in men with PSA < 25 ng/mL, and even 
at these levels it has relatively poor sensitivity (13, 14). 
Although CT-based imaging of the pelvis is the current 
standard for radiation treatment planning, T2-weighted 
endorectal MRI provides superior soft tissue resolution 
to delineate the anatomy of the prostate, seminal vesicles, 
neurovascular bundles, and pelvic floor (15). An MRI offers 
the ability to detect disease within and adjacent to the pros- 
tate gland that is not as easily visualized on CT (16-18). 
CT images used for treatment planning were found in 
a study from University of California San Francisco 
(UCSF) to correlate with an average 32% increase versus 
MRI in resulting prostate volume definition. An MRI, if 
obtained, can be fused to treatment planning CTs, allow- 
ing improved accuracy in contour definition of target 
and normal tissue volumes (19-21). This may result in 
improved clinical outcomes by decreasing normal tissue 
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toxicity and allowing for tumor-directed boost therapy. 
Although these theoretical advantages are clear, the clini- 
cal necessity of MRI for planning has not yet been estab- 
lished (22). MRI-, magnetic resonance spectroscopy-, and 
radiolabeled choline—based positron emission tomography 
may additionally have a role in the evaluation of tumor 
response to EBRT (23-25). 


E CLINICAL TRIALS 


The rationale driving the current standard of EBRT for 
low-risk prostate cancer is predicated on the results of sev- 
eral prospective randomized controlled trials and single- 
institution reports. The most significant improvements 
in disease control and reductions in toxicity for low-risk 
patients have been observed with dose-escalated, image- 
guided, intensity-modulated radiation therapy (IMRT). 

The dose escalation trials established that high-dose 
radiation therapy (RT) delivered through conformal tech- 
nique (78-81 Gy delivered to the prostate) is well tolerated 
and results in significant improvement in freedom from 
biochemical failure and disease-free survival versus con- 
ventional dose (64-70 Gy) regimens for men with low-risk 
prostate cancer, although it has not been shown to confer 
an overall survival advantage (26-33). 


E DOSE ESCALATION 


Prior to the advent of three-dimensional conformal radia- 
tion therapy (3DCRT), 70 Gy was established as the 
maximal tolerable dose due to limitations conferred by 
rectal and bladder toxicity (34,35). With improved dose 
conformality, the ability to safely deliver higher doses to 
the prostate was established, and resultant improvements, 
especially in biochemical progression-free survival, were 
seen. As technological innovations have allowed improve- 
ment in treatment planning algorithms, beam targeting, 
and target confirmation through image guidance and the 
use of implanted fiducial markers or radio beacons, the 
amount of normal tissue irradiated, and thus of treatment- 
related toxicity, has been significantly reduced. 


E MD ANDERSON CANCER CENTER 
93-002 


This trial evaluated the effect of dose escalation from 
70 to 78 Gy on freedom from failure and was among the 
first to include biochemical (PSA) freedom from failure as 
an endpoint. Between 1993 and 1998, 301 patients with 
stage T1 to T3, including 61 low-risk patients, were ran- 
domized to receive 70 or 78 Gy via EBRT to the prostate 
gland. All patients received an initial 46 Gy in 2 Gy daily 
fractions via a four-field box technique. Following delivery 
of 46 Gy, each group received a 3DCRT boost commensu- 
rate with their remaining prescribed total dose, such that 
the conventional dose arm received an additional 24 Gy 
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FIGURE 10.1.1.1 Report of the long term outcomes of the random- 
ized dose escalation trials demonstrates improvement in freedom from 
biochemical failure for men treated with 78 Gy when compared with 
those treated to 70 Gy. 

Source: From Ref. (29). Kuban DA, Tucker SL, Dong L, et al. Long-term 
results of the M. D. Anderson randomized dose-escalation trial for 
prostate cancer. Int J Radiat Oncol Biol Phys. 2008;70:67-74. 


via a four-field technique, and the high-dose arm received 
a 32 Gy boost via a six-field technique. At 8 years follow- 
up, freedom from biochemical failure favored the 78 Gy 
arm, 59% versus 78% (P = .04) (29, 31). 

Notably, the rate of Radiation Therapy Oncology Group 
(RTOG) grade 2 or greater rectal toxicity was 14% higher 
in the 78 Gy arm and was found to correlate with the vol- 
ume of rectum receiving greater than or equal to 70 Gy (29) 
(Figure 10.1.1.1). 


E PROTON RADIATION ONCOLOGY 
GROUP 95-09 


This trial evaluated the effect of dose escalation from 
70.2 to 79.2 GyE on local failure, biochemical failure, and 
overall survival in patients with localized prostate can- 
cer. Three hundred and ninety-three patients with stage 
T1b to T2b prostate cancer and PSA levels <15 ng/mL 
were randomized to receive external beam radiation to a 
total dose of either 70.2 or 79.2 GyE delivered via con- 
formal photon therapy with conformal proton boost. The 
prostate gland plus a 12- to 15-mm margin received a con- 
formal proton dose of 19.8 or 28.8 GyE in 1.8-GyE frac- 
tions. Subsequent to initial proton treatment, all patients 
received 50.4 Gy to the prostate gland and seminal ves- 
icles, plus a 10-mm margin, via a conformal four-field 
technique. At 10-year follow-up, biochemical failure rates 
were halved from 32.3% for the conventional dose arm 
to 16.7% for the dose-escalated arm. High-dose therapy 
conferred improved outcomes in all risk groups, although 
this was only statistically significant for those with low- 
risk disease (58% of the cohort) in which 28.2% of those 
receiving conventional dose failed versus 7.1% of those 
receiving high dose (P = .0001). No significant differ- 
ence in acute or late toxicity was noted between the two 
arms (32) (Figures 10.1.1.2 and 10.1.1.3). 
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FIGURE 10.1.1.2 At 10-year follow-up, biochemical failure rates were significantly lower than those reported for the dose-escalated arm. 
Source: From Ref. (32). Zietman AL, Bae K, Slater JD, et al. Randomized trial comparing conventional-dose with high-dose conformal radiation 
therapy in early-stage adenocarcinoma of the prostate: long-term results from proton radiation oncology group/american college of radiology 


95-09. J Clin Oncol. 2010;28:1106-1111. 
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FIGURE 10.1.1.3 Doses greater than 75.6 Gy conferred a 13% improvement in PSA relapse free survival. 
Source: From Ref. (36). Zelefsky MJ, Pei X, Chou JF, et al. Dose escalation for prostate cancer radiotherapy: predictors of long-term biochemical 
tumor control and distant metastases-free survival outcomes. Eur Urol. 2011;60:1133-1139. 


m DUTCH TRIAL CKTO 6910 


This trial was conducted to evaluate the effect of dose esca- 
lation from 68 to 78 Gy on freedom from failure. To that 
end, 669 patients with stage T1b-4 prostate cancer at four 
institutions in the Netherlands were randomized to receive 
either 68 or 78 Gy via a 3DCRT technique. The clinical 


target volume (CTV) included the prostate plus or minus 
the seminal vesicles depending on assessed risk for seminal 
vesicle involvement based on the Partin method. Planning 
target volume (PTV) included a 10-mm expansion for the 
initial 68 Gy for all patients, followed by an additional 
10 Gy with 5-mm expansion, except 0 mm toward the 
rectum, for patients receiving 78 Gy. In two institutions, 
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neoadjuvant hormone therapy was prescribed for some, 
mostly high-risk patients. The study was not statistically 
powered to detect a difference due to the addition or with- 
holding of hormonal therapy. With 4 years follow-up, the 
freedom from biochemical failure was 64% in the high- 
dose arm versus 54% in the low-dose arm (P = .02). There 
was no significant difference in overall survival between 
the treatment arms. At 6 years, there was a nonsignificant 
trend for improved freedom from failure 84% versus 80% 
favoring dose escalation for low-risk patients (P = .57) (37). 

At 70 months follow-up, the 7-year biochemical control 
rates continued to favor the high-dose arm 56% versus 45%, 
P = .03. The cumulative incidence of late grade 2 or greater 
gastrointestinal (GI) toxicity manifested by rectal bleeding 
and incontinence was increased in the 78-Gy arm compared 
with the 68-Gy arm (35% vs. 25% at 7 years; P = .04) (38). 


m MRC RTO1 TRIAL 


This trial sought to evaluate whether neoadjuvant hor- 
monal therapy combined with dose-escalated radiotherapy 
(74 vs. 64 Gy) would improve cancer control as measured 
by biochemical progression-free survival, freedom from 
local progression, metastasis-free survival, and overall 
survival, without a prohibitive increase in treatment- 
associated toxicity when compared with neoadjuvant hor- 
monal therapy followed by standard dose radiotherapy. 
This is the largest randomized prospective dose escalation 
trial and the only one to prescribe neoadjuvant hormonal 
therapy uniformly to all patients. Eight hundred and forty- 
three men with stage T1b to T3a, NO, MO prostate cancer, 
and serum PSA of <50 ng/mL first received between 3 and 
6 months of neoadjuvant hormonal therapy and were ran- 
domly assigned to receive either 64 Gy over 32 fractions 
in 6.5 weeks or an 74 Gy over 37 fractions in 7.5 weeks. 
The gross tumor volume (GTV) for all patients 
included the prostate gland and all or a portion of the 
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seminal vesicles depending on the risk group. In low-risk 
patients, GTV included the base of the seminal vesicles, 
and in intermediate- and high-risk patients, GTV included 
all of the seminal vesicles. A 5-mm expansion was made 
from GTV to CTV, and a subsequent 5-mm to 1-cm 
expansion from CTV was made to PTV. Biochemical 
progression-free survival at 5 years(63 months average) 
favored the dose-escalated patients across all risk groups, 
71% versus 60% (P = .0007), and in the intermediate-risk 
group by 9% (79% vs. 70%). There was no observed dif- 
ference in freedom from local progression or overall sur- 
vival. There was an increased incidence of late GI toxicity 
and genitourinary (GU) toxicity in the 74-Gy arm (28). 


m GENITOURINARY TUMOR GROUP (GETUG) 


Three hundred and six patients were randomized to receive 
70 or 80 Gy via a 3DCRT technique. At median follow- 
up of 61 months, a 10% benefit favoring the high-dose 
arm was reported. Although GETUG did not conduct for- 
mal risk group stratification, the reported results demon- 
strated no benefit to dose escalation in patients with initial 
Prostate Specific Antigen (iPSA) < 15 ng/mL, which leads 
some to infer that there was no benefit to dose escalation in 
the low-risk cohort. As prostate cancer, and in particular 
low-risk prostate cancer, tends to have a protracted natural 
history, more mature data may yet reveal a benefit (39). 

As a group, these trials demonstrated a benefit for 
dose-escalated RT for low-risk prostate cancer in terms of 
biochemical freedom from failure and local control, but 
failed to demonstrate an improvement in overall survival. 
Viani et al. published a meta-analysis of the dose escalation 
studies, found a significant reduction in risk of biochemical 
failure for low-risk patients with high-dose radiation, and 
concluded that dose-escalated radiation should be offered 
without regard to risk group (40,41). Table 10.1.1.1 sum- 
marizes the outcomes of the dose escalation trials. Overall, 


E Table 10.1.1.1 Dose escalation trials 


Number of Patients Risk Groups 


301 


Study 


MDACC 93-002 LR: 61 

IR: 139 
HR: 101 
LR: 227 
IR: 129 
HR: 33 
LR: 120 
IR: 182 
HR: 362 
LR: 204 
IR: 264 
HR: 362 


PROG 95-09 392 


NCI CKTO 664 


MRCRT 01 843 


Dose Levels Outcome P Value 
78 Gy 8-yr bNED 78% P = .004 
70 Gy 8-yr bNED 59% 
79.2 GyE 5-yr bNED 80% P<.001 

70 GyE 5-yr bNED 61% 
78 Gy 5-yr FFF 64% P=.01 
68 Gy 5-yr FFF 54% 

NHT + 74 Gy 5-yr bPFS 71% P = .0007 

NHT + 64 Gy 5-yr bPFS 60% 


Abbreviations: bNED, biochemically without evidence of disease; bPFS, biochemical progression free survival; FFF, freedom from failure; 
HR, high risk; IR, intermediate risk; LR, low risk; NHT, neoadjuvant hormonal therapy. 
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GI and GU toxicity in the high-dose arms were increased 
versus conventional dose arms with the exception of those 
treated with protons. A caveat is that these trials were con- 
ducted prior to the advent of or did not allow IMRT, which 
has permitted substantial improvements in the conformal- 
ity of delivered doses and resultant reduction in normal 
tissue dose profiles and toxicity. 


E IMRT AND IGRT 


The results of RTOG 0126 provide a prospective 
evaluation of toxicity outcomes for dose escalation to 
79.2 versus 70.2 Gy delivered via 3DCRT or IMRT tech- 
niques for localized prostate cancer patients. An interim 
analysis of toxicity was presented by Michalski at the ple- 
nary session of American Society for Radiation Oncology 
(ASTRO) in 2011. Of the 748 patients randomized to 79.2 
Gy, 491 received 3DCRT and 257 received IMRT. At a 
median follow-up of 4.6 and 3.5 years, respectively, there 
was a Statistically significant reduction in acute GU and 
GI toxicity favoring IMRT, as well as a trend for reduc- 
tion in late GI side effects. Notably, even when high-dose 
constraints to the rectum were met, IMRT was associated 
with significantly less toxicity than 3DCRT (42). 

The historical rates of grade 2+ GI toxicity in the 
dose escalation trials ranged from 20% to 35%, which, 
as detailed below, is a significant improvement when com- 
pared with 2D conventional planning. The advent of IMRT 
allowed for significant reduction in the volume of rectum 
and bladder receiving intermediate and high doses versus 
3DCRT, resulting in dramatically decreased grade 2 GI and 
GU toxicity, and near absence of grade 3 toxicity (43, 44). 

Image-guided radiation therapy (IGRT) has allowed 
for further improvements in early and late toxicity for 
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patients undergoing EBRT. This is secondary to decreased 
uncertainty regarding interfraction organ motion 
and set-up error, allowing reduction in PTV margins 
and therefore reduction of the volume of normal tissue 
receiving high and intermediate doses of radiation 

Zelefsky and Spratt have reported long-term GI and 
GU toxicity profiles of men receiving high-dose RT with 
and without IMRT and with and without image guidance 
at Memorial Sloan Kettering Cancer Center (MSKCC), 
demonstrating a clear benefit to IMRT and IGRT 
(Figures 10.1.1.4 and 10.1.1.5). 

With regard to oncologic outcomes, single-institution 
reports of IMRT results have been excellent. Zelefsky 
et al. reported the results of 275 low-risk patients treated 
to 81 Gy at MSKCC. At 3 years, biochemical failure was 
reported at 8%; at 7-year median follow-up, Biochemical 
Failure (BF) was 15%; and at 10 years, actuarial failure 
was 19%. The results of the low-risk and very low-risk 
cohort of a total of 1,002 patients treated to 86.4 Gy 
with IMRT had a 5-year actuarial failure rate of 2.3% by 
ASTRO definition (Figure 10.1.1.6) (43). 


E HYPOFRACTIONATION AND SBRT 


Hypofractionation for the treatment of prostate cancer 
has recently experienced renewed interest based on radio- 
biological properties of prostate tumor cells and resultant 
theoretical improvements in the therapeutic ratio with 
increased fraction sizes. Although most tumors have alpha/ 
beta ratios around 8, prostate cancer cells are postulated to 
have an alpha/beta ratio of 2. As the rectum is the major 
dose-limiting structure for the delivery of radiation to 
the prostate and has a higher alpha/beta ratio estimated 
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FIGURE 10.1.1.4 Late grade 2 Gl toxicity. 
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Source: From Ref. (44). Zelefsky MJ, Chan H, Hunt M, Yamada Y, Shippy AM, Amols H. Long-term outcome of high dose intensity modulated radia- 
tion therapy for patients with clinically localized prostate cancer. J Urol. 2006;176:1415-1419. 
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FIGURE 10.1.1.5 Actuarial grade 2+ urinary toxicity in patients treated to 86.4 Gy. 
Source: From Ref. (43). Spratt DE, Pei X, Yamada J, Kollmeier MA, Cox B, Zelefsky MJ. Long-term survival and toxicity in patients treated with 
high-dose intensity modulated radiation therapy for localized prostate cancer. Int J Radiat Oncol Biol Phys. 2013;85:686-692. 
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FIGURE 10.1.1.6 The data in the figure demonstrate the ability of IMRT to allow dose escalation without increased acute toxicity or decrement 
in oncologic efficacy. 

Source: From Ref. (43). Spratt DE, Pei X, Yamada J, Kollmeier MA, Cox B, Zelefsky MJ. Long-term survival and toxicity in patients treated with 
high-dose intensity modulated radiation therapy for localized prostate cancer. Int J Radiat Oncol Biol Phys. 2013;85:686-692. 


at 4 to 6, it follows that hypofractionation should permit In a representative single-institution series from the 
greater tumor killing without an attendant increase in Cleveland Clinic, 770 patients received 70 Gy over 28 frac- 
the incidence of late toxicity (45,46). Several randomized tions via an IMRT technique. At 45 months median follow- 
and nonrandomized trials have demonstrated the feasi- up, biochemical control rates in low-, intermediate-, and 
bility, tolerability, and noninferiority of hypofractionated high-risk patients were 94%, 83%, and 72%, respectively. 
regimens (28,47—49). There was no increase in acute or late GI or GU toxicity (48). 
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Based on the same radiobiological principles, and 
in concert with the development of emerging technolo- 
gies and patient preferences, limited initial single-insti- 
tution experiences with stereotactic body radiation 
therapy (SBRT) and high-dose rate (HDR) monotherapy 
approaches to extreme hypofractionation have shown 
promising results but require further evaluation (50-55). 
Oncologic outcomes of selected SBRT studies are summa- 
rized in Table 10.1.1.2. 


E TOXICITY OF RADIATION THERAPY 


RT is generally well tolerated, with certain prognostic 
factors such as prior transurethral resection of prostate, 
pretreatment International Prostate Symptom Score, AUA 
score, anticoagulant use, inflammatory bowel disease, 
and radiation technique predicting an increased propen- 
sity to develop complications. Commonly reported acute 
symptoms include urinary frequency, urgency, nocturia, 
diarrhea, and tenesmus. These symptoms are usually 
well controlled with supportive care, alpha blockers, 
loperamide, and steroid suppositories and resolve shortly 
after completion of therapy. Urethral strictures, hema- 
turia, hematochezia, proctitis, and incontinence occur 
infrequently at 1 to 3 years posttreatment. Urethral dila- 
tation, argon plasma laser coagulation, formalin therapy, 
and hyperbaric oxygen have been reported as effective 
treatments for these late toxicities. Improvements in tox- 
icity profiles have been demonstrated for advances in RT 
technologies and are summarized below. 


Toxicity of Conventional 2D planning 


Over a thousand patients treated on RTOG trials 7506 
and 7706 were followed up for a minimum of 7 years and 
had a reported incidence of >grade 3 bowel complications 
of 3.3% and a reported incidence of grade 3 or greater 
urinary complications in 7.7% of patients. These trials 
established 70 Gy as the maximal tolerable dose prior to 
the advent of conformal planning techniques (35). 
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Toxicity of 3DCRT 


RTOG 9406 evaluated the development of grade 3 or 
greater GI or GU toxicity in five dose levels from 68.4 
to 79.2 Gy delivered via a 3DCRT technique. Group 
1 patients had no elective seminal vesicle irradiation. 
Group 2 patients received treatment of the prostate and 
seminal vesicles for 54 to 55.8 Gy followed by prostate 
boost. Rates of grade 2 or greater GI toxicity rates were 
9%, 7%, 11%, 10%, and 25% for group 1 and 13%, 
9%, 14%, 16%, and 26% for group 2 at 68.4 in 1.8 Gy/ 
fx, 73.8 Gy in 1.8 Gy/fx, 79.2 Gy in 1.8 Gy/fx, 74.0 Gy 
in 2.0 Gy/fx, and 78.0 Gy in 2.0 Gy/fx, respectively. 
The incidence of grade 2 or greater GU toxicity were 
24%, 22%, 18%, 29%, and 23% for group 1 and 19%, 
16%, 21%, 21%, and 28% for group 2. This trial dem- 
onstrated the reduction in toxicity, particularly in grade 
3 or greater toxicity, despite radiation doses that were 
more than 10 Gy higher when conformal techniques 
were used (61). 


Toxicity of IMRT 


Similar to the improvements seen with the advent of 
3DCRT versus conventionally planned two-dimensional 
radiation therapy (2DRT), IMRT techniques have allowed 
the same or higher radiation doses to be delivered with 
a reduction in grade 2 and grade 3 urinary and rectal 
complications. As detailed by Zelefsky et al., 561 patients 
treated with IMRT at MSKCC to 81 Gy had an 8-year 
likelihood of developing grade 2 rectal toxicity of 1.6%. 
Eight-year grade 2 or 3 urinary toxicity rates were 9% and 
3%, respectively (44). 


Toxicity of Hypofractionation/SBRT 


Although data from prospective trials currently under- 
way will provide greater insight into toxicity profiles 
of hypofractionation and SBRT, the available data sug- 
gest acceptable toxicity levels. Data are summarized in 
Table 10.1.1.3. 


E Table 10.1.1.2 Summary of oncologic outcomes of hypofractionation studies 


Number of 
Study Patients Dose/Fx 
Virginia Mason 40 6.7 
(2010) 

Stanford (2009) 41 7.25 
Naples (2009) 112 7-7.25 
Winthrop (2010) 304 7-7.25 
Boike (2011) 45 9-10 Gy 
Georgetown (2013) 100 7-7.25 


Abbreviation: PSA, prostate-specific antigen. 
Source: From Refs. (52, 55—60). 


Fx Total Dose (Gy) Median F/u (mo) PSA Control (%) 
5 33.5 41 90 
5 36.25 33 100 
5 35-36 24 99 
5 35-36 30 99 
5 45-50 30 100 
5 35-36 27 99 
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Summary of late Gl and GU toxicity outcomes of hypofractionation studies 


Study Dose (Gy) Median F/u (mo) Late GI Toxicity Late GU Toxicity 
King et al. (64) 36.25 33 48% G1-G2 65% G1-G2; 5% G3 
Katz et al. (57) 35 30 9% G1/G2 9% G1/G2 

0.5% G3 
Bolzicco et al. (62) 35 20 2.2% G2 9% G1/G2 

2.2% G3 
Freeman and King (63) 36.25 60 15.5% G1-G2 32% G1/G2 

2.5% G3 
King et al. (65) 36.25 32 16% G1-G2 28% G1/G2 

3.5% G3 


Abbreviations: GI, gastrointestinal; GU, genitourinary. 
Source: From Refs. (57,62-66). 


E SECOND MALIGNANCIES 


RT is known generally to be associated with an increased 
risk for the development of second primary cancers within 
the radiation field. This is particularly true for young 
patients with long posttreatment survival. For prostate 
cancer patients, particularly in the era of modern RT tech- 
niques, the increased risk of second primary cancer is not 
yet known. A matched pair retrospective study compar- 
ing 2,120 patients receiving RT at a single institution on 
a 1:1 basis with surgical patients according to age and 
follow-up time was recently reported. RT techniques con- 
sisted of conventional or two-dimensional RT (36%), three- 
dimensional conformal RT, and/or intensity-modulated RT 
(29%), brachytherapy (16%), and a combination of 2DRT 
and Brachytherapy (BT) (19%). 

They found that the overall risk of developing a 
second primary cancer was not significantly different 
between the matched pair (hazard ratio [HR] 1.14, 95% 
confidence interval [CI] 0.94-1.39). In addition, they 
noted that the risk became significant >5 years (HR 1.86, 
95% CI 1.36-2.55) or >10 years after RT (HR 4.94, 95% 
CI 2.18-11.2). The most significant sites of increased risk 
were bladder, lymphoproliferative, and sarcoma. Of the 
different RT techniques, only 2DRT was associated with 
a significantly higher risk (HR 1.76, 95% CI 1.32-2.35), 
but not BT boost (HR 0.83, 95% CI 0.50-1.38), 3DCRT/ 
IMRT (HR 0.81, 95% CI 0.55-1.21), or BT (HR 0.53, 
95% CI 0.28-1.01) (67). 


m CONCLUSIONS 


Evidence supports that patients with low-risk prostate 
cancer have a benefit in biochemical freedom from failure 
when treated with dose-escalated RT (78-81 Gy) versus 
conventional dose RT. Hypofractionation may also confer 
equivalent or improved outcomes, in this case with shorter 
treatment times and at lower cost, but requires further 
evaluation. A multitude of modern therapeutic modalities 


exist that can technically deliver highly conformal radia- 
tion to the prostate, but phase III evidence is lacking to 
demonstrate superiority of one technique compared with 
another. The use of radiotherapy technologies should be 
based on prospective assessment of quality of life and 
modeling of cost-effectiveness. 

Emerging therapeutic modalities such as stereotactic 
body RT are promising areas of future investigation, espe- 
cially given confirmatory evidence regarding the alpha/ 
beta ratio in prostate cancer. Highly conformal treatment 
delivery techniques, improved intratreatment evaluation, 
and improved pretreatment target localization and regis- 
tration have significantly decreased the incidence of seri- 
ous toxicity secondary to RT. 
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E OVERVIEW 


Dose-escalated conventionally fractionated external beam 
radiation therapy (EBRT; a single 1.8-2.0 Gy fraction, 
delivered in approximately 15 minutes per day, 5 days per 
week, for 8-9 weeks, to a total dose of 76-80 Gy) is an 
established treatment modality for men in all disease risk 
groups. Emerging evidence from experimental and clinical 
studies from the year 2001 suggested that the o/B ratio 
for prostate cancer may be as low as 1.5 Gy, which has 
prompted investigators around the world to explore mod- 
erately hypofractionated radiation therapy (HFRT; 2.1- 
3.5 Gy/fraction, for approximately 15 minutes per day, 
5 days per week, for about 4 weeks, to a total dose of 
~52-72 Gy). This chapter reviews the impetus and the cur- 
rent clinical evidence supporting moderate hypofraction- 
ated EBRT for prostate cancer. Although HFRT has many 
theoretical advantages, there is no clear evidence from 
prospective, randomized, controlled trials showing that 
hypofractionated schedules have improved outcomes or 
lower toxicity than conventionally fractionated regimens. 


E BACKGROUND TO DOSE-ESCALATED 
CONVENTIONALLY FRACTIONATED 
RADIATION THERAPY 


Prostate cancer is the second most prevalent solid tumor 
diagnosed in men of the United States and Western 
Europe (1). Given the widespread utilization of prostate- 
specific antigen (PSA) testing, most contemporary pros- 
tate cancer patients present with localized disease (clinical 
stage T1-T2). For these patients, EBRT is a popular treat- 
ment option. In the mid-1990s, the most commonly 
used method to deliver EBRT was a four-field technique 
(i.e., two beams aimed in the anteroposterior axis and 


Hypofractionated Radiation 
ONA Therapy for Localized 


Prostate Cancer 


two in the left-right lateral axis). At the time, there was 
no consistent agreement on the optimal dose of fraction- 
ation regimen used for treatment (2). Nondose-escalated 
conventionally fractionated radiation therapy (non-DE- 
CFRT; a single 1.8-2.0 Gy fraction lasting 15 minutes per 
day, 5 days per week) schedules were typically adminis- 
tered over 6 to 7 weeks with doses of 60 to 70 Gy (3). 

By the turn of the century, DE-CFRT (a single 
1.8-2.0 Gy fraction, delivered in approximately 15 minutes 
per day, 5 days per week, for 8-9 weeks, to a total dose 
of 76-80 Gy) gained popularity as it was shown in mul- 
tiple randomized controlled trials (RCTs) to improve rates 
of tumor control and decrease cancer-specific mortal- 
ity (4-8). The rationale behind the efficacy of DE-CFRT 
was that it provided a homogenous dose distribution to 
the prostate and surrounding tissues (e.g., pelvic lymph 
nodes), which potentially harbor micrometastases. 


E RATIONALE BEHIND 
HYPOFRACTIONATED RADIATION 
THERAPY 


HFRT (2.1-3.5 Gy/fraction, for about 15 minutes per 
day, 5 days per week, for about 4 weeks) is theoretically 
advantageous compared to DE-CFRT for three reasons. 
First, radiobiological models in 2001 suggested that the 
use of higher doses per fraction would improve killing 
of prostate cancer cells and minimize toxicity to the sur- 
rounding tissues. Second, the patient would benefit from 
a shorter overall treatment time (8 weeks of DE-CFRT vs. 
4 weeks of HFRT). Third, HFRT is theorized to be more 
cost efficient. 


Radiobiology 


CFRT is theorized to kill prostate cancer cells though 
the “3 Rs” of radiation therapy (RT):(1) reoxygenation 
(allowing more cells to become oxic, which makes RT 
more effective); (2) redistribution (allowing for tumor cells 
to cycle into more radiosensitive phases of the cell cycle); 
and (3) repair (allowing normal cells to repair sublethal 
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damage). As the total RT dose delivered increases, the 
number of surviving cancer cells decreases. However, the 
advantages of dose escalation are countered by the dam- 
age to surrounding normal tissues. 

An o/B ratio estimates the effects of radiation on 
tissues. The o/B ratio is generally believed to be >10 Gy 
for early-responding tissue (e.g., skin, mucosa, and most 
tumors) and 3 to 5 Gy for late-responding tissue (e.g., 
connective tissues, muscles), where genitourinary (GU) and 
gastrointestinal (GI) toxicity occur. The &/ß ratio is used in 
the calculation of the biologically equivalent dose (BED): 


BED = (nd[1 + d/(a/B)]) 


where n is the number of radiation fractions and d is 
the fraction size. 

Hypothesis-generating reports in 2001 suggested 
that prostate cancer cells had a relatively low a/B ratio 
of ~1.5 Gy, implying that the cells were more sensitive to 
large fraction doses (9). In addition, calculation models 
with an a@/B ratio of 1.5 Gy showed that a prolonged 
course of RT (i.e., from CFRT) was disadvantageous. 
First, dose escalation is necessary to offset accelerated 
cancer cell repopulation (10). Second, given the lower 
a/B ratio for prostate cancer than late-responding tis- 
sues, there would be potential for therapeutic gain and 
minimized toxicity to surrounding tissues with larger 
fraction sizes (11,12). 
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Notably, not all trials assumed that the argu- 
ment of a low @/fB ratio for prostate cancer in their 
methodology. The “initial” (i.e., pre-2001) HFRT 
versus CFRT trials (13-15) had no assumptions about 
the o/B ratio and used non-DE-CFRT. Although there 
has been controversy in calculating the accurate &/ß 
ratio for prostate cancer (16), investigators of HFRT 
trials after 2001 (i.e., “modern” trials) (17-22) tried 
to maintain a high BED (at an a/B ratio of 1.5) to 
kill prostate cancer cells while minimizing the BED 
(at o/B ratios of 3-10) for toxicity. The BED curves 
for a/B ratios of 1.5 to 10 Gy for CFRT (to a total dose 
of 66 and 78 Gy), initial HFRT trials, and modern 
HFRT trials included in this chapter are juxtaposed 
in Figure 10.1.2.1. 


Patient Perspective 


The 8 weeks of DE-CFRT is inconvenient to men who live 
far from RT centers or are unable to travel, and it is the 
most frequently patient-cited disadvantage of DE-CFRT 
and a major cause of patient nonadherence (23). 
Considering the travel time and automobile expenses, 
the shorter course of HFRT may save each man an aver- 
age of $1,900 in out-of-pocket expenses (24). Thus, a 
man would appreciate the HFRT schedule compared to 
DE-CFRT. 


5 6 7 8 9 10 


early-responding tissues 
(i.e. for early toxicity) 


a/B 


Biologically equivalent dose (BED) versus &œ/ß ratios for initial and modern trials of hypofractionated radiation therapy 


(HFRT) compared to conventionally fractionated radiation therapy (CFRT). A plot of BED curves for HFRT studies included in this chapter (red lines); 
compared to CFRT, at 2.0 Gy/fraction, to a total dose of 66 in 33 fractions (nondose escalated, dotted black lines), or 78 Gy in 39 fractions (dose 


escalated, dotted black lines). 
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Cost Effectiveness 


Resource allocation could be improved with HFRT. 
According to calculations models, wage costs outweigh 
the cost of machines due to the labor-intensive nature of 
RT planning and delivery (25-28). Moreover, although 
treatment planning complexity increases with novel tech- 
nologies, the planning is only done at the start of EBRT, 
while cost builds with the delivery of each fraction (29). 
For example, it is estimated that staffing RT facilities 
accounts for 50% of their cost(30). Thus, changing to 
HFRT from DE-CFRT may decrease the number of work 
hours and overall cost of treating each patient. 


E INITIAL TRIALS COMPARING CFRT 
AND HFRT 


From 1986 to 1993, nonrandomized studies from around 
the world reported similar outcomes between HFRT and 
non-DE-CFRT schedules (31-34). Two “initial” HFRT 
phase III prospective studies (shown in Table 10.1.2.1) 
were published in 2005(13) and 2006 (14,15). Lukka 
et al. (13) reported that freedom from biochemical failure 
(FFBF) and acute toxicity were worse in the HFRT arm, 
and late toxicities were equal. Yeoh et al. (14,15) similarly 
compared HFRT to CFRT. Thirty-six of 108 patients 
developed BF in the HFRT arm, compared to 49 of 109 
patients in the CFRT arm. Multivariate analyses revealed 
that the CFRT schedule was the only statistically signifi- 
cant variable for increased BF and worse GU symptoms 
at 4 years. 

Lukka et al. (13) and Yeoh et al. (14,15) reached oppo- 
site conclusions about HFRT compared to CFRT. These 
conclusions are likely due to a few factors. First, the tri- 
als were designed to compare widely used non-DE-CFRT 
regimens in their respective countries with no specific 
assumptions about the &/ß ratio before the trial. To high- 
light this difference, the total dose of the CFRT arms were 
66 (13) and 64 Gy (14, 15) [at an a/f ratio of 1.5, the BEDs 
are 154(13) and 144(14,15)], which is lower than more 
contemporary conventional doses of 78 to 80 Gy (Figure 
10.1.2.1) (4-6). Second, the arms were not designed to be 
isoeffective. Third, the study by Lukka et al. (13) reported 
that the percent of positive biopsies at 2 years was equal 
between the arms, which is in contradiction to the FFBF 
rates, possibly suggesting that local control was equivalent, 
but that patients in the HFRT arm had failed distantly. 

In addition, the study by Lukka et al.(13) used the 
American Society for Therapeutic Radiology and Oncology 
(ASTRO) definition (35) (i.e., three consecutive PSA rises) 
and other definitions of BF; in contrast, the study by Yeoh 
et al. (14,15) used the ASTRO (35) and Phoenix (i.e., nadir 
+ 2 ng/mL) (36,37) definitions. Yeoh et al. (14,15) found 
a significant difference between their FFBF rates with the 
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use of the Phoenix definition, but not with the ASTRO 
definition. The relationship between ASTRO-defined BF 
and overall survival (OS) or prostate cancer-specific sur- 
vival (PCSS) has not been clearly demonstrated (38, 39). 
The Phoenix definition has since been shown to be a bet- 
ter predictor of distant metastasis, OS, and PCSS (36, 37). 
Thus, although these initial studies provide valuable 
insight in comparing HFRT and CFRT, they do not con- 
clusively show that one schedule has improved outcomes 
or toxicities compared to the other schedule, likely because 
their methods were so different from modern trials. 


E MODERN TRIALS COMPARING CFRT 
AND HFRT 


Prospective phase III superiority studies (17-22) (also on 
Table 10.1.2.1) have been published based on the assump- 
tion that the o/B ratio for prostate cancer is 1.5 Gy. The 
hypotheses of the trials were designed to show one of 
two endpoints: (1) if the HFRT course had a higher BED 
than the CFRT arm, then HFRT FFBF rates should be 
improved while having equal toxicity; or(2) if the BED 
of the HFRT course were isoeffective to a CFRT course, 
then FFBF rates should be equivalent, and there should 
be reduced toxicity in the HFRT arm. The modern trials 
failed to reach either endpoint. 

Pollack et al.(20,21) predicted equivalent acute tox- 
icities between the HFRT (BED at &/ß of 3 = 133) and 
the CFRT (BED at &/ß of 3 = 127) with improved tumor 
control in the HFRT arm. In their 2011 update (21), they 
reported that 5-year rates and FFBF were not significantly 
different (both 86%). Radiation therapy oncology group 
(RTOG) grade >2 GU toxicities were statistically higher 
in the HFRT arm (18.3% vs. 8.3%, P = .028). Moreover, 
men on the HFRT schedule had a significantly higher rate 
of GI toxicity during weeks 2 through 4. Pollack et al. 
attributed the higher incidence of toxicities to the shorter 
course of the HFRT schedule, the inclusion of lymph nodes 
in the high-risk patients, the use of a modified RTOG tox- 
icity scale, and the mean biological doses to the prostate 
(including the urethra) being >80 Gy. Unexpectedly, their 
initial assumption of isoeffectiveness of the trial design 
appears to be incorrect. 

Arcangeli et al. (17-19) hypothesized that the deliv- 
ery of an isoeffective dose to prostate tumors using 
HFRT would reduce the incidence of late complications, 
have a sparing effect on early responding tissues, and 
produce equal FFBF rates compared to CFRT. The BED 
difference between the two arms (at an @/B ratio of 1.5) 
was only 3, yet a statistically significant difference in 
5-year FFBFs was noted: 85% versus 79%, respectively. 
In addition, there was no reported difference in late tox- 
icity at 5 years between the two schedules. To put this 


esl 


E Table 10.1.2.1 Multi-arm phase Ill studies comparing CFRT and HFRT 


RTOG Late 
BED (Gy), at Toxicity Grade 
Total o./B = 22 (%) 
Risk Median dose Total Gy/ Se 
Era Reference n Groups FU(mo) (Gy) Fractions Fraction 1.5 3 10  FFBF Other Outcomes GU GI 


5-y OS: 85% (NS) 
470 66 33 2 154 110 79 5-y ASTRO: 60% 2-y positive biopsy 1.3 1.9 
rate: 53% (NS) 


Lukka et 
al. (13) L,I,H 64 
466 52.5 20 2.63 144 98 66 5-y ASTRO: 53% 5-y OS: 87% (NS) 1.3 1.9 
2-y positive biopsy 
Initial rate: 51% (NS) 
Yeoh 109 NR 90 64 32 2 149 107 77 ~~ 7.5-y Phoenix: 34% (P < .05) 7.5-y OS: 71% NR NR 
et al. 7.5-y ASTRO: 44% (NS) (NS) 
(14,15) 
108 55 20 2.75 156 105 70 7.5-y Phoenix: 53% (P<.05) 7.5-y OS: 69% NR NR 
7.5-y ASTRO: 44% (NS) (NS) 
Modern 5-y DM: 14% 
85 80 40 2 187 133 96  5-y Phoenix: 79% (P = .04) (NS) 16 17 
Arcangeli 5-y LF: 11% (NS) 
et al. H 35 
(17-19) 83 62 20 3.1 190 126 81  5-y Phoenix: 85% (P = .04) 5-y DM: 10% 11 14 
(NS) 
5-y LF: 7% (NS) 
Pollack 152 I,H 60 76 38 2 177 127 91  5-y Phoenix: 86% (NS) 5-y LRF/DM: 8.3 5 
et al. 1.0% (NS) 
(20,21) 
151 70.2 26 2.7 197 133 89  5-y Phoenix: 86% (NS) 5-y LRF/DM: 18.3 6.8 
1.3% (NS) 
Kubanet 102 Mostly 56 75.6 42 1.80 166 121 89 5-y ASTRO: 92% (NS) 5-y clinical failure: 19 6 
al. (22) L,I 5-y Phoenix: 94% (NS) 0% (NS) 
102 72, 30 2.40 187 130 89 5-y ASTRO: 96% (NS) 5-y clinical failure: 19 14 
5-y Phoenix: 97% (NS) 0% (NS) 


Abbreviations: ASTRO, American Society of Therapeutic Radiology and Oncology; BED, biologically equivalent dose; CFRT, conventionally fractionated radiotherapy; DM, distant metastasis; 
L, low risk; LRF, local-regional failure; FFBF, freedom from biochemical failure; FU, follow-up; GI, gastrointestinal; GU, genitourinary; H, high risk; HFRT, hypofractionated radiotherapy; I, 
intermediate risk; NS, not significant; NR, not reported; OS, overall survival. 


Source: Adapted from Ref. (61). Zaorsky NG, Ohri N, Showalter TN, et al. Systematic review of hypofractionated radiation therapy for prostate cancer. Cancer Treat Rev. 2013;39:728-736. 
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in perspective, the dose escalation RCTs (4-8), which 
showed significant improvements of BF, had BED differ- 
ences of approximately 20. Arcangeli et al. did not pro- 
vide a clear reason for this observation, but noted that 
patients at high risk (in particular, those with Gleason 
>7 and PSA > 20 ng/mL) were those who had improved 
BF rates following HFRT. Finally, there was no reported 
difference in late toxicity at 5 years between the two 
schedules. 

A few factors may have contributed to the lack of 
difference in observed toxicity rates. The study by 
Arcangeli et al. included high-risk patients, which may 
have affected planning target volumes (prostate alone 
vs. prostate and seminal vesicles) and treatment setup. 
In addition, there is a possibility of different mechanisms 
of radiation damage or repair for late rectal and blad- 
der effects with HFRT in the presence of concomitant 
androgen deprivation therapy. Finally, they used differ- 
ent toxicity grading methods. 

The third modern RCT to compare HFRT to CFRT 
was performed by Kuban et al. (22). The authors hypoth- 
esized that the arms would have equivalent acute toxicities 
and that there would be improved outcomes in the HFRT 
arm. They randomized 102 men to receive CFRT (BED at 
o/B of 1.5 = 166) to a dose of 75.6 Gy in 42 fractions and 
102 men to receive HFRT (BED at o/B of 1.5 = 187) toa 
dose of 72 Gy in 30 fractions. The 5-year Phoenix FFBF 
rates were 92% and 96% (not significant), respectively, 
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and no patient had a clinical failure. GI and GU toxicity 
rates were similar between the two groups. Thus, they did 
not prove their hypothesis. 

Dose escalation studies (4-8) have helped to determine 
the standard of care in determining the optimal CFRT 
schedule. To compare the outcomes and toxicities in the 
HFRT studies, the rates of FFBF (Figure 10.1.2.2), GU tox- 
icity (Figure 10.1.2.3), and GI toxicity (Figure 10.1.2.4) of 
phase III HFRT RCTs are benchmarked dose escalations 
studies of CFRT. 


E LIMITATIONS AND FUTURE DIRECTION 


Intertrial Comparisons 


There are a number of important caveats to consider when 
interpreting results of trials that compare HFRT to CFRT. 
First, the methods of the initial studies differed greatly 
from the modern studies. Second, all three modern stud- 
ies were designed as superiority studies; thus, it would be 
incorrect to infer that the absence of a difference in any 
study implies equivalence between the arms. Moreover, 
although dose escalation studies indicated that DE-CFRT 
was associated with improved FFBF when compared to 
non-DE-CFRT, all studies of HFRT are inconsistent in 
their results. Finally, when compared to dose escalation 
studies, the follow-up of the HFRT studies is not yet as 
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FIGURE 10.1.2.2 Freedom from biochemical failure (FFBF) versus follow-up time of conventionally fractionated radiation therapy (CFRT) versus 
hypofractionated radiation therapy (HFRT) randomized controlled trials (RCTs) benchmarked to high-dose radiation therapy (RT) arm of escalation 
RCTs for prostate cancer. The y-axis shows the FFBF, and the x-axis shows the median follow-up time in years. Individual arms of phase Ill RCTs 
comparing CFRT (green circles) and HFRT (red circles) are shown on the plot with first author and year of publication. As a benchmark for 
these studies, the higher dose arms of dose escalation studies (blue squares) are shown on the plot with first author and year of publication. The 
individual RT schedule of an arm is shown near each data point: total dose, number of fractions, and Gy/fraction. 
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FIGURE 10.1.2.3 Radiation therapy oncology group (RTOG) grade 22 genitourinary (GU) toxicity versus follow-up time of conventionally frac- 
tionated radiation therapy (CFRT) versus hypofractionated radiation therapy (HFRT) randomized controlled trials (RCTs) benchmarked to high-dose 
radiation therapy (RT) arm of escalation RCTs for prostate cancer. The y-axis shows incidence of late RTOG grade >22 toxicity (%), and the x-axis 
shows the follow-up time in years. Individual arms of phase Ill RCTs comparing CFRT and HFRT are shown on the plot with first author and year of 
publication. As a benchmark for these studies, the higher dose arms of dose escalation RCTs are shown on the plot with first author and year of 
publication. Green circles refer to the GU toxicity rates of CFRT arms. Red circles refer to the GU toxicity rates of HFRT arms. Blue squares refer to 
the GU toxicity rates of the higher dose arm of dose escalation studies. The individual RT schedule of an arm is shown near each data point: total 


dose, number of fractions, and Gy/fraction. 


Source: Adapted from Ref. (61). Zaorsky NG, Ohri N, Showalter TN, et al. Systematic review of hypofractionated radiation therapy for prostate 


cancer. Cancer Treat Rev. 2013;39:728-736. 


long, and the significance of the results may change. In 
addition, a number of factors preclude comparing the 
results of HFRT trials to the expected outcomes and tox- 
icities of DE-CFRT regimens used today. 


Efficacy 


With respect to efficacy, HFRT trials had differing plan- 
ning target margins, treatment techniques, and fraction- 
ations schedules, which may all affect outcomes (40). The 
specific endpoints evaluated in these studies vary. For 
example, as Yeoh et al.(14,15) reported, FFBF rates may 
be significant with the Phoenix definition, but not with 
the ASTRO definition. 

In addition, the study by Yeoh et al. did not report 
on differing FFBFs among risk groups, and their inclu- 
sion criteria were based on the American Joint Committee 
on Cancer (AJCC). The National Comprehensive Cancer 
Network (NCCN) model is a superior prognosticator of 
FFBF to the AJCC and remains the preferred method for 
risk-based clinical management of prostate cancer with 
radiotherapy (41); thus, the reported rates of FFBF may 
have changed if they had used NCCN criteria. 

Although Arcangeli et al.(17-19) noted improved 
FFBF among high-risk patients, no HFRT study has looked 


at the effect of the optimal fractionation schedule among 
individual risk groups. Cancer- and patient-specific bio- 
markers including Ki-67 (42,43); p53 (44); p21/wafl (44); 
P120 (43); Bcl-2, Bax, and the Bcl2/Bax ratio (42,44-46); 
and PCNA (43) affect rates of cellular growth and have 
been shown to predict cancer aggressiveness and recur- 
rence. These biomarkers may contribute to variations in 
o/B ratios among individual prostate cancer cell lines. 
Future models will likely combine these markers with 
traditional pretreatment variables (e.g., PSA, Gleason) to 
create personalized fractionation schedules and predict 
outcomes (47). 


Toxicity 


Late effects from radiation can technically occur decades 
after therapy (48). Moreover, the RTOG toxicity score 
does not report on anorectal symptoms such as urgency 
of defecation and fecal incontinence (49). In addition, 
assessing quality of life has become an integral compo- 
nent of prostate cancer care. None of the HFRT trials 
used quality-of-life questionnaires nor did they asses 
how toxicities affect individual patient subpopulations 
(e.g., minority communities, men who have sex with 
men), who make up a large proportion of the prostate 
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FIGURE 10.1.2.4 Radiation therapy oncology group (RTOG) grade 22 gastrointestinal (Gl) toxicity versus follow-up time of conventionally frac- 
tionated radiation therapy (CFRT) versus hypofractionated radiation therapy (HFRT) randomized controlled trials (RCTs) benchmarked to high-dose 
radiation therapy (RT) arm of escalation RCTs for prostate cancer. The y-axis shows incidence of late RTOG grade >22 toxicity (%), and the x-axis 
shows the follow-up time in years. Individual arms of phase Ill RCTs comparing CFRT and HFRT are shown on the plot with first author and year of 
publication. As a benchmark for these studies, the higher dose arms of dose escalation RCTs are shown on the plot with first author and year of 
publication. Green circles refer to the Gl toxicity rates of CFRT arms. Red circles refer to the Gl toxicity rates of HFRT arms. Blue squares refer to the 
Gl toxicity rates of the higher dose arm of dose escalation studies. The individual RT schedule of an arm is shown near each data point: total dose, 
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Source: Adapted from Ref. (61). Zaorsky NG, Ohri N, Showalter TN, et al. Systematic review of hypofractionated radiation therapy for prostate 


cancer. Cancer Treat Rev. 2013;39:728-736. 


cancer patient demographic and often have specific 
quality-of-life concerns (50). 


Assessing Available Treatment Options 


Currently, there are multiple comparative treatment 
options used for localized disease, and their efficacies 
vary among risk groups(51). Novel modalities, including 
stereotactic body radiation therapy (SBRT; a single 3.5- 
15.0 Gy fraction lasting 1 hour per day, 5 days per week, 
for about 2 weeks) and hadron therapy (specifically, pro- 
tons), are gaining popularity as alternatives to DE-CFRT 
and HFRT schedules. Although neither SBRT(52) nor 
proton therapy (53) has proven to have improved outcomes 
of lower toxicities compared to other forms of EBRT, it 
will be necessary to consider them as possible treatment 
options alongside HFRT. Comparative effectiveness 
research will help to define the proper role of RT modali- 
ties for specific prostate cancer patients (54). 


Evolving Technology 


Technology has evolved since the publication of the ear- 
liest HFRT studies, and image-guided radiation therapy 
(IGRT) is now an integral component of SBRT (52,55). To 


put this in perspective, 72% of the patients in the study 
by Yeoh et al. (14,15) were treated with two-dimensional 
radiation therapy; today, the patients could be treated 
with volumetric-modulated arc therapy and 4D radio- 
frequency tracking to increase normal organ sparing (56) 
and decrease intrafractional motion (57). Some retrospec- 
tive studies show that IGRT improves outcomes with 
EBRT (58-60), and it is unknown how the use of novel 
technologies would impact HFRT. 


m CONCLUSIONS 


DE-CFRT is an established treatment modality for 
almost all prostate cancer patients. Determining the 
optimal fractionation scheme has been one of the goals 
of radiation oncologists. HFRT is hypothesized to 
improve tumor control, patient quality of life, and cost. 
RCTs comparing HFRT and CFRT have been inconsis- 
tent in their results. The methods of initial HFRT studies 
do not compare to modern techniques of DE-CFRT. The 
modern HFRT studies have rejected their hypotheses of 
superiority of HFRT. As of 2013, HFRT regimens are 
still under investigation. 
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E OVERVIEW 


This chapter discusses the use of stereotactic body radia- 
tion therapy (SBRT) for the treatment of localized prostate 
cancer. Since 2001, SBRT has been touted as a superior 
type of external beam radiation therapy (EBRT) for the 
treatment of various tumors. SBRT developed from the 
theory that high doses of radiation from high-dose rate 
brachytherapy (HDR-BT) implants could be recapitulated 
from radiation treatment planning and delivery systems. 
In addition, SBRT has been theorized to be advantageous 
compared with other radiation therapy (RT) techniques in 
terms of radiobiology, radiophysics, patient convenience, 
and resource allocation. In this chapter, we discuss the 
impetus behind SBRT and the clinical evidence support- 
ing its use for prostate cancer. As of 2013, studies of SBRT 
provide encouraging results of biochemical control and 
late toxicity rates. However, they are limited by a num- 
ber of factors; these include short follow-up, exclusion of 
intermediate- and high-risk patients, and relatively small 
number of patients treated. 


E BACKGROUND AND HISTORY OF 
INCREASING DOSE PER FRACTION 


Given the widespread use of prostate-specific antigen test- 
ing, most prostate cancer patients present with localized 
disease (clinical stage T1-T2). Treatment options for local- 
ized disease include radical prostatectomy (RP) and RT. 
RT is delivered as either a BT or an EBRT. Currently, most 
men who receive EBRT are treated with conventionally 
fractionated radiation therapy (CFRT; a single 1.8-2.0 Gy 
fraction lasting 15 minutes per day, 5 days per week, for 
about 8 weeks) to a total dose of 76 to 80 Gy. 

In the mid-1990s, the most commonly used method 
to deliver CFRT was a four-field technique. At that time, 


there was no consistent agreement on the optimal schedule 
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or dose used for patient treatment(1). CFRT schedules 
were typically administered over 6 to 7 weeks with doses 
of 60 to 70 Gy(2). Dose-escalated CFRT (i.e., using the 
same dose per fraction, but up to ~80 Gy, for 8-9 weeks) 
was shown in multiple phase III randomized controlled 
trials to improve biochemical control rates and became 
the standard of care EBRT schedule (3-7). 

In 2001, hypothesis-generating reports suggested 
that prostate cancer had a low a/B ratio of ~1.5 Gy (8), 
implying that those cells were more sensitive to doses 
delivered in larger fraction size. Given the lower o/B 
ratio for prostate cancer than bladder and rectal mucosa 
(where the most late toxicity occurs), reduced morbidity 
was expected from hypofractionated radiation therapy 
(HFRT; 2.1-3.5 Gy/fraction, 5 days per week, for about 
4 weeks) (9). 

Although there has been controversy in calculating 
the accurate o/B ratio for prostate cancer (10), prospec- 
tive phase III superiority studies using HFRT (11-19) have 
been published based on the assumption that the o/B ratio 
for prostate cancer is 1.5 Gy. The results of these stud- 
ies have been inconclusive (20). The older studies (11-13) 
reached opposite conclusions about HFRT compared with 
CFRT and differed greatly in their methodology from 
the modern studies. The more modern studies comparing 
HFRT with CFRT (14-18) have not shown a clear reduc- 
tion in the incidence of late complications while maintain- 
ing biochemical control rates. 

There has been interest in increasing fraction size 
even further than 3.5 Gy/fraction to provide for tumor 
control, decrease toxicity, and reduce overall treatment 
time. SBRT (a single 3.5-15.0 Gy fraction lasting 1 hour 
per day, 5 days per week, for about 2 weeks), also called 
extreme hypofractionation, was shown to recapitulate 
HDR-BT plans closely and deliver such doses noninva- 
sively (21). Use of SBRT increased in the 2000s due to the 
advent of image-guided technologies that improved the 
accuracy of delivering high doses of radiation. Moreover, 
SBRT has been theorized to have advantages (1) from a 
radiobiological perspective; (2) in treatment delivery from 
a radiophysics perspective;(3) to the patient himself, 
compared with other treatment modalities; and (4) for 
resource allocation (22). 
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E POTENTIAL BENEFITS OF SBRT 


Radiobiology 


CFRT has several theoretical advantages of killing pros- 
tate cancer cells though the “3 Rs” of RT:(1) reoxygen- 
ation, that is, allowing more cells to become oxic, which 
makes RT more effective; (2) redistribution, that is, allow- 
ing for tumor cells to cycle into more radiosensitive phases 
of the cell cycle; and (3) repair, that is, allowing normal 
cells to repair sublethal damage. 

There is also a possibility of increasing tumor cell 
death and a minimizing radiation-related toxicity with 
higher doses per fraction. In general, as the total dose deliv- 
ered increases, the number of surviving cells decreases. 
However, the advantages of increasing dose are countered 
by the toxicity to surrounding normal tissues. An &/ß ratio 
is used to estimate the effects of radiation on tissues and 
compare various dose and fractionation schemes. 

The &/ß ratio is generally believed to be >10 Gy for early- 
responding tissue (e.g., skin, mucosa, and most tumors); 
and it is believed to be 3 to 5 Gy for late-responding tis- 
sue (e.g., connective tissues, muscles), where genitourinary 
(GU) and gastrointestinal (GI) toxicity occurs. The a/B 
ratio is used in the calculation of the biologically equiva- 
lent dose (BED): 


BED = (nd[1 + di(a/B))), 


where n is the number of radiation fractions and d is 
the fraction size. 
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Dose-escalated CFRT (a single 1.8-2.0 Gy fraction 
lasting 15 minutes per day, 5 days per week, up to ~80 Gy, 
for about 8 weeks) has been shown in multiple phase II 
randomized controlled trials to improve biochemical 
control over nondose-escalated fractionation schedules, 
which deliver the same Gy per fraction, but typically 
to a total dose of ~66 Gy (3-7). Using these two sample 
schedules, dose-escalated CFRT and nondose-escalated 
CFRT have BEDs (at an o/B ratio of 1.5 Gy) of 182 versus 
154 Gy, respectively and (at an @/B ratio of 3.0 Gy) of 
130 versus 110 Gy, respectively. 

In 2001, hypothesis-generating reports suggested that 
prostate cancer cells had a low a@/B ratio of ~1.5 Gy, imply- 
ing that the cells were more sensitive to large fraction 
doses (8). In addition, calculation models with an a/f ratio 
of 1.5 Gy showed that a prolonged course of RT (i.e., from 
CFRT) would be disadvantageous because (1) dose escala- 
tion is necessary to offset accelerated cancer cell repopu- 
lation (23); and (2) given the lower o/B ratio for prostate 
cancer than late-responding tissues, there would be poten- 
tial for therapeutic gain and minimized toxicity to sur- 
rounding tissues with larger fraction sizes (9,24). 

Thus, investigators have tried to maintain a high BED 
(at an o/B ratio of 1.5) to kill prostate cancer cells while 
minimizing the BED (at o/B ratios of 3-10) for toxicities. 
The BED curves for &/ß ratios of 1.5 to 10 Gy for EBRT 
and sample SBRT schedules from articles included in this 
chapter are juxtaposed in Figure 10.1.3.1. 


5 6 7 8 9 10 
early-responding tissues 
a/ B (l.e. for early toxicity) 


Biologically equivalent dose (BED) versus œ/ß ratios for stereotactic body radiation therapy (SBRT) compared with conven- 


tionally fractionated radiation therapy (CFRT). A plot of BED curves for SBRT studies included in this chapter (gray lines); compared to CFRT to a total 
dose of 66 to 78 Gy in 2.0 Gy/fraction, for 33 to 39 fractions (dashed black lines). 
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Radiophysics 


Since SBRT uses only one to five fractions to deliver the 
dose, there is little chance for adjustment once treatment 
has been initiated. Considerable time is spent by radia- 
tion oncologists and medical physicists ensure accuracy 
and precision in dose delivery on the treatment plan (25). 
Treatment planning is aided by advanced technologies 
that help to maximize dose to the tumor (minimizing 
dose to surrounding tissues), detect target movement, 
and compensate for movement. Two treatment delivering 
technologies used with SBRT help to achieve these goals: 
intensity-modulated radiation therapy (IMRT) and image- 
guided radiation therapy (IGRT). 

Currently, IMRT is the standard of care for prostate 
cancer because it maximizes the dose delivered to the 
tumor volume and minimizes the dose delivered to the 
surrounding organs. However, the sharp dose gradients 
that exist with IMRT plans could result in the volumetric 
error of missing the tumor because of the movement of the 
patient on the treatment table and the IGRT is a component 
of IMRT to ensure accuracy and precision of each fraction. 

IGRT detects and corrects random and systematic 
errors that occur during treatment delivery. Currently, 
multiple solutions exist for IGRT, including portal imag- 
ing using implanted fiducial markers (26), electromag- 
netic transponders (27), cone beam computed tomography 
(CT) (28), and CT-on-rails (29). IGRT has shown that the 
prostate moves daily, and these movements influence dosi- 
metric coverage during RT. Prostate movements occur both 
interfractionally (i.e., between two RT sessions) (30, 31) 
and intrafractionally (i.e., during one RT session) (32, 33). 
The movements are also both translational (i.e., shifting 
of the isocenter) and rotational (i.e., around the isocen- 
ter). Although translations may be more easily detected 
and managed using image guidance, rotations are more 
difficult to detect and could cause significant underdos- 
ing (34). It is possible that a shortened treatment course 
with SBRT would lead to a reduction in intrafraction and 
interfraction motion compared to CFRT, thus decreasing 
toxicity, although this hypothesis has not yet been tested 
in clinical trials. 

The two major types of delivery systems of SBRT are 
gantry-based linear accelerators and the robotic arm-based 
systems. The conformality of robotic arm-based systems 
has been shown to be superior to IMRT, although the dose 
fall-off appears similar in both plans (35), and neither has 
been proven to be more efficacious than the other. The 
studies included in this chapter use both gantry-based and 
robotic arm-based systems. 


Patient Perspective 


Treatment options for low-risk, localized prostate can- 
cer include CFRT, HFRT, RP, and BT. SBRT has unique 
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advantages for the patient when compared with these 
options. The 8 weeks of therapy of CFRT is inconve- 
nient to those who live far from treatment centers or have 
difficulty with travel. This long treatment course is the 
most frequently patient-cited disadvantage of CFRT (36). 
Moreover, CFRT has commonly associated early rectal 
toxicity, and sometimes late rectal, urinary, and sexual 
toxicities (37). Currently, HFRT is only available in the 
setting of clinical trials(20). Finally, although studies 
of both RP (38-44) and BT (41,45-60) (both of which 
last for a few hours in 1 day) have shown improved bio- 
chemical outcomes, these modalities have limitations. 
RP commonly causes impotence and incontinence, and 
BT commonly causes irritative and obstructive urinary 
symptoms (37). 

Thus, the shorter treatment course (i.e., 2 weeks) and 
noninvasive nature of SBRT make it an attractive treat- 
ment option to patients with localized prostate cancer. 
Moreover, in certain regions of the world where RT cen- 
ters may be difficult to access or are few in number, SBRT 
could become the standard of care. 


Resource Allocation 


SBRT has potential to improve resource allocation. 
Calculation models show that wage costs outweigh the 
cost of machines in RT; planning and delivery are labor 
intensive (61-64). Moreover, although treatment planning 
complexity is increasing with evolving technology, the 
planning is only done at the beginning of therapy. Cost, 
however, builds with the delivery of each fraction (65). 
Staffing RT facilities is estimated to account for 50% of 
their cost (66). Thus, changing from CFRT to an SBRT 
schedule may decrease the number of work hours and 
overall cost of treating each patient. 


E OUTCOMES 


Results of efficacy from recent studies with SBRT are 
listed in Table 10.1.3.1 (67-81). The longest follow-up 
times currently available are at 5 years. Freedom from 
biochemical failure (FFBF) rates for low-, intermediate-, 
and high-risk patients have generally been 290% at up 
to 5 years. Outcomes from both gantry and robotic arm- 
based systems have been similar: 2-year FFBF rates have 
been 90% to 100% versus 94% to 100%, respectively. 
There are a number of differences among SBRT, RP, 
and BT studies. Figure 10.1.3.2 shows the FFBF versus time 
of SBRT studies with the FFBF rates of low-risk patients 
in published studies of RP(38-44) and BT (41,45-60) 
studies co-plotted. The mean median follow-up times of 
SBRT, RP, and BT studies are co-plotted on the inset in 
Figure 10.1.3.2. First, the follow-up times of SBRT studies 
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FIGURE 10.1.3.2 Freedom from biochemical failure (FFBF) versus year plot of prostate cancer patients treated with stereotactic body radiation 
therapy (SBRT), compared with those treated with brachytherapy (BT) and radical prostatectomy (RP). The y-axis shows the FFBF rate, and the x-axis 
shows time in years. Among the men treated with SBRT (circles), FFBF rates for low-, intermediate-, and high-risk patients have generally been >90% 
at up to 5 years (67-81). FFBF rates of low-risk patients from trials with BT(Xs) (41, 45-50) and RP (triangles) (38-44) are co-plotted for comparison. 
The mean median follow-up times (with their respective standard deviations) of SBRT, RP, and BT studies are co-plotted on the inset. 


(mean 3.1 years) are significantly shorter than those of 
studies of RP (5.8 years) or BT (5.6 years). Second, there 
have been many more patients treated with RP and BT than 
SBRT (>20,000 vs. <1,000). Third, most of the patients 
treated in the reported SBRT trials have low-risk disease. 
It will be necessary to enroll intermediate- and high-risk 
patients to see whether they have comparable outcomes. 
Thus, although the biochemical results of SBRT studies 
appear promising, a number of issues must be addressed 
before SBRT becomes the standard of care. 


m TOXICITY 


The late GI and GU Radiation Therapy Oncology Group 
(RTOG) toxicities are summarized in Table 10.1.3.1 
and Figure 10.1.3.3. Among the studies analyzed, 57% 
(95% confidence interval [CI] 43%-71%) of patients had 
RTOG grade 0 GU toxicity and 63% (95% CI 46%-79%) 
of patients had RTOG grade 0 GI toxicity. Further, 15% 
(95% CI 10%-20%) had grade 1 GU toxicity and 9% 
(95% CI 4%-15%) had grade 2 GU toxicity. Less than 
4% of patients had grade 3 to 4 GI or GU toxicity. 

In comparison, phase III studies of CFRT have shown 
RTOG late GU toxicity grade 22 in 8% to 40% of patients 
and GI toxicity grade 22 in 9% to 26% of patients (3-7). 


Phase II studies using HFRT have shown RTOG late GU 
and GI toxicity grade 22 in 1% to 19% and 2% to 14% of 
patients, respectively (11-19). The results of SBRT studies 
are very encouraging and highlight the potential of SBRT 
in the management of certain patients with prostate cancer. 

There are a number of important caveats to consider 
when interpreting the SBRT toxicities. Late effects from 
radiation can technically occur decades after therapy (25). 
Moreover, the RTOG toxicity score does not include the 
evaluation of anorectal symptoms such as urgency of 
defecation and fecal incontinence (82). When compared 
with studies that measure quality of life for RP, BT, and 
CFRT (37, 83), studies with SBRT do not yet integrate 
more detailed quality-of-life measures. Thus, further 
patient-reported quality-of-life metrics should be incor- 
porated (e.g., the short-form-36 and expanded prostate 
cancer index composite). Erectile preservation is defined 
differently on questionnaires in studies. These question- 
naires are often not tailored to homosexual and minority 
communities, although these are large subpopulations of 
the prostate cancer patient demographics (84). 

Phase III studies of CFRT included low-, intermediate-, 
and high-risk groups. Subsequently, areas outside of the 
prostate, including the seminal vesicles, were frequently 
included in RT planning, and these are not included in 
SBRT plans of low-risk patients. The CFRT studies did 
not use advanced forms of IMRT and IGRT available 
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E Table 10.1.3.1 Prospective studies of SBRT for prostate cancer 


Reference Phase 
Friedland et al. (67) N/A 
McBride et al. (68) I 
Fuller et al. (69) N/A 
SHARP: Madsen et al. (70) I/II 
Katz et al. (71,72) I/II 
Kang et al. (73) N/A 
Mantz et al. (74) I 
King et al. (75) I 
Boike et al. (76) I 
Bolzicco et al. (77) N/A 
pHARTS3: Tang et al. (78) and I/II 

Quon et al. (79) 

Jabbari et al. (80) N/A 
Aluwini et al. (81) I/II 


Note: Studies ordered by median actuarial FU time. 


Risk 
Groups 
L,I, H 

L 


RT Actuarial FU Total 


System 


RA 
RA 


RA 


RA 
RA 


RA 


Listed as overall FFBF; or for low-, intermediate-, and high-risk groups. 


Abbreviations: BED, biological equivalent dose; FFBF, freedom from biochemical failure; FU, follow up; G, Gantry; GI, gastrointestinal; GU, genitourinary; H, high; I, intermediate; L, low; N/A, 


Median 
(mo) 


48 
45 


Dose (Gy) Fractions Fraction 


36.3 
36.3 


47.5 


not applicable NR, not reported; RA, robotic arm; RTOG, Radiation Therapy Oncology Group. 


Source: Adapted from Ref. (22). Zaorsky NG, Studenski MT, Dicker AP, et al. Stereotactic body radiation therapy for prostate cancer: is the technology ready to be the standard of care? Cancer 


Treat Rev. 20133;39(3):212-218. 


Total 


5 


A nuaanaiuana A fF AHA HA Fs 


Gy/ 


7.0 
7.5 
43 


9.5 
6.7 
7.0 
73 
8.0 
8.5 
9.0 
8.0 
ZƏ 
73 
9.0 
9.5 
10.0 
7.0 


7.0 


9.5 
9.5 
9.5 


BED (Gy), at o/B = 


105 
117 
115 
95 
95 
144 
160 
177 
89 


89 


130 
70 
130 


4 y: 98% 
2 y: 90% 
4 y: 98.5%, 
93%, 75% 


5 y: 100%, 
100%, 
90.8% 


3 y: 100% 
4 y: 94% 


2.5 y: 100% 


20 mo: 
100% 


18 mo: 
100% 


18 mo: 
100% 


NR 


RTOG Late Toxicity 
Grade 22 (%) 
GU GI 
NR NR 
19.2 12 
24 2 
20 37.5 

7.8 4.2 
6.8 11 
NR NR 
8.7 2 

31 18 
2.2 2.2 
13 13 
13 3 
37 0 
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FIGURE 10.1.3.3 Radiation therapy oncology group (RTOG) late grade genitourinary (GU) and gastrointestinal (Gl) toxicity from studies of ste- 
reotactic body radiation therapy (SBRT) compared with those of conventionally fractionated radiation therapy for prostate cancer. The y-axis shows 
the incidence of toxicity (as a %), and the x-axis shows GU (light shade) and GI (dark shade) RTOG late toxicity. Black bars indicate 95% confidence 
intervals. The toxicity rates of SBRT studies included in the review (67-81) are benchmarked to those of dose escalation studies (3-7), which provide 


the current standard of care fractionation schedule. 


Source: Adapted from Ref. (22). Zaorsky NG, Studenski MT, Dicker AP, et al. Stereotactic body radiation therapy for prostate cancer: is the technol- 
ogy ready to be the standard of care? Cancer Treat Rev. 2013;39(3):212-218. 


today. Finally, the SBRT studies were all single-institution 
experiences, and the toxicities might not be representa- 
tive if conducted in a larger setting with a more diversified 
patient population. As of 2013, it is currently inappropri- 
ate to conclude that toxicities from SBRT studies are non- 
inferior to those of CFRT. Given the number of treatment 
options available for men with localized prostate cancer, 
comparative effectiveness research will help to personalize 
RT for individual prostate cancer patients (85). 


m CONCLUSION 


Dose-escalated CFRT is an established treatment modal- 
ity for almost all prostate cancer patients. Determining 
the optimal EBRT fractionation scheme has been one of 
the goals of radiation oncologists. Hypofractionation and 
extreme hypofractionation (i.e., with SBRT) are two rela- 
tively novel types of EBRT fractionation. SBRT is hypothe- 
sized to improve tumor control, decrease toxicity, improve 
patient quality of life, and reduce resource consumption. 
Phase I/II studies of SBRT have had some encouraging 
results in terms of biochemical control and treatment tox- 
icity. However, as of 2013, a number of limitations are 
still present among all of the trials that preclude recom- 
mending SBRT monotherapy for prostate cancer outside 
the setting of a clinical trial. 
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E INTRODUCTION 


Although developed more than a half century ago, the use 
of proton therapy (PT) for the treatment of localized pros- 
tate cancer has only recently emerged as a topic of great 
interest among patients, care providers, and policy mak- 
ers. Much of this attention has surrounded the increased 
cost of PT relative to other treatment options in an era of 
economic austerity and increasing desire for the delivery 
of cost-conscious care. Despite this, PT has shown itself 
to be a promising emerging technology with many, at least 
hypothetical, advantages over other available therapies. 
This chapter will briefly review the promise of and con- 
troversies surrounding the use of PT in the treatment of 
prostate cancer and the potential role for improved multi- 
disciplinary care in defining its appropriate use. 


E BASICS OF PROTON THERAPY 


Given the length limitations of this chapter, an in-depth 
review of all of the unique attributes and areas of contro- 
versy surrounding PT is impossible, and for more informa- 
tion, the reader is directed to several recent reviews on the 
topic (1-4). Unlike radiation techniques reliant on high- 
energy x-rays (photons), PT, as its name suggests, involves 
the therapeutic delivery of positively charged particles 
accelerated to relativistic speeds. The unique physical 
properties of protons allows them to deliver the majority 
of their tumor-killing energy at an end-of-range maximum 
known as the Bragg peak, while, unlike x-rays, having lit- 
tle or no penetration beyond the target of interest. This 
property allows for high doses of radiation to be deliv- 
ered with high precision while using a minimal number of 
beams in areas of anatomic complexity such as the pelvis. 
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10.1.4 


Other techniques have also been developed in recent 
years to overcome the drawbacks of beam penetration and 
radiation exit dose when photons are used. Chief among 
these is intensity-modulated radiation therapy (IMRT), 
which relies on five to nine angled beams to increase dose 
conformality and “spread out” the spillover effects of 
exit dose and radiation scatter. Compared with PT, this 
approach can provide similar radiation dose distribu- 
tions in regions near the prostate but greatly increases the 
amount of normal tissue receiving low-to-moderate doses 
of radiation (5-7) (Figure 10.1.4.1). Furthermore, the use 
of IMRT greatly increases integral radiation dose to the 
entire body, theoretically putting the patient at risk for 
complications such as radiation-induced cancers(8, 9). 
The relative benefit for PT remains highly theoretical, 
however, and intense debate continues regarding the rela- 
tive contributions of these effects on clinical outcomes. 


E COMPARATIVE EFFECTIVENESS 
OF PROTON THERAPY 


Although strong data exist supporting the safety and 
efficacy of PT in the treatment of prostate cancer, there 
is as of yet no level 1 evidence to demonstrate that this 
approach improves patient outcomes compared to other 
modern techniques such as IMRT (10). In the absence of 
randomized data, several recent studies have attempted 
to quantitate the relative clinical toxicity of PT. Two 
recent studies that relied on data mined from the linked 
Surveillance Epidemiology and End Results—Medicare 
databases identified relatively higher rates of gastrointes- 
tinal toxicity in patients treated with PT compared with 
IMRT (11, 12). These findings, however, were greatly lim- 
ited by data missing from these databases (such as radia- 
tion dose and target volume) and the high potential for 
misclassification bias inherent in defining toxicity accord- 
ing to billing claims. A third study utilizing a larger claims 
database identified similar rates of gastrointestinal com- 
plications between PT and IMRT with transiently lower 
rates of genitourinary complications in those receiving 
PT (13). This study also identified the somewhat higher 
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FIGURE 10.1.4.1 


cost of PT relative to IMRT with median Medicare reim- 
bursements of $32,428 and $18,575, respectively. 

Only one study to date has analyzed patient-reported 
outcomes in patients receiving PT and other radiation 
modalities (14). In this study, patients treated with PT 
reported minimal acute decrements in gastrointestinal 
or genitourinary quality of life, whereas those treated 
with IMRT reported modest but clinically relevant dec- 
rements in the first few months following therapy. By 
2 years, however, similar quality-of-life decrements were 
reported by all patients. Given the disagreement and lim- 
itations of these and other retrospective studies, strong 
randomized evidence is needed to define the role of PT 
in the future of prostate cancer care. The Massachusetts 
General Hospital and University of Pennsylvania have 
recently partnered and opened a randomized trial of PT 
versus IMRT for low- and intermediate-risk prostate can- 
cer patients (15). Other centers are expected to join this 
effort in the near future. Although cost considerations 
are ever-changing in an era of advancing technology, the 
results of this trial will be vital to place PT for prostate 
cancer in an appropriate context. 


Comparison of dose distributions achieved using IMRT (left) and PT (right). Both radiation plans were prescribed to 79.2 Gy 
(RBE). Prostate is outlined in red, anterior rectum in blue, and posterior rectum in green. 


E ROLE FOR MULTIDISCIPLINARY CARE 


The management of patients with low-risk prostate can- 
cer (Gleason score of <6, pretreatment PSA of <10 ng/ 
mL, and clinical stage of Tic or T2a) is complicated by 
the relative paucity of data to suggest the superiority of 
one management modality versus another (16). It is not 
known whether definitive treatment improves prostate 
cancer-specific survival when compared to active sur- 
veillance, as randomized trials comparing observation to 
radical prostatectomy employed expectant management 
approaches consistent with watchful waiting, in which 
patients were not rigorously screened for progression and/ 
or did not receive definitive therapy at the time of earliest 
progression (17-19). As an example, the recently published 
Prostate Cancer Intervention versus Observation Trial, 
which compared radical prostatectomy to watchful wait- 
ing in men with localized prostate cancer, showed that 
the 12-year prostate cancer-specific survival rate with 
both expectant management and radical prostatectomy 
were 97.7% (18). Therefore, the benefit of definitive ther- 
apy in patients with low-risk disease remains unknown, 
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especially when compared with approaches such as active 
surveillance. In addition, no accepted, prospective trials 
from the United States or Europe have compared radical 
prostatectomy with radiation therapy—an older trial has 
been largely discredited due to significant limitations in 
design (20-22). 

Given the multitude of management options avail- 
able to men with low-risk prostate cancer, such patients 
often experience difficulty selecting a particular manage- 
ment option. Confounding the matter, physician bias, in 
which radiation oncologists and urologists recommend 
the therapeutic modality that they are capable of deliver- 
ing, complicates the delivery of objective information to 
patients deciding among management options for prostate 
cancer (23,24). As a result of the multitude of therapeu- 
tic modalities offered to prostate cancer patients, the lack 
of a clear “best” treatment option, and the presence of 
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physician bias, multidisciplinary clinics offer an appealing 
approach to managing patients with prostate cancer. In 
such clinics, patients are provided the opportunity to meet 
with urologists, radiation oncologists, and medical oncol- 
ogists concurrently during a single consultation. Such a 
model of care has the potential to minimize physician bias 
and lead to a consensus recommendation from the group 
(Figure 10.1.4.2). 

Disadvantages of multidisciplinary clinics include the 
fact that fewer patients are likely be seen in a given 
morning or afternoon (relative to three practitioners seeing 
patients individually), and such clinics may be difficult to 
implement in the community setting, where specialists 
can be separated by great distances. Despite increasing 
popularity of multidisciplinary clinics, little data exist to 
support the notion that they provide a tangible benefit to 
patients or health care systems at large. Jefferson Medical 
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FIGURE 10.1.4.2 Process comparison for patients seen by multiple providers. (A) outside a multidisciplinary setting and (B) in a typical multi- 


disciplinary clinic. 
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College at Thomas Jefferson University established one 
of the first multidisciplinary prostate cancer clinics in the 
United States. Patients have reviewed the clinic very favor- 
ably; >90% of patients rated their experience as “good” 
or “very good” within all measured domains and many 
patients chose to receive their treatment at this institution 
after a consultation at the multidisciplinary clinic (25,26). 
The Center for Prostate Disease Research/Walter Reed 
Army Medical Center has demonstrated that clinical 
research can be readily incorporated into the multidisci- 
plinary setting (27). Our group has published on the impact 
of multidisciplinary models of care on management selec- 
tion among patients with low-risk prostate cancer. In this 
study, 701 low-risk prostate cancer patients managed at 
Massachusetts General Hospital, Brigham and Women’s 
Hospital, and Beth Israel Deaconess Medical Center in the 
year 2009 were identified (28). Patients were either seen 
at a multidisciplinary clinic (defined as a setting in which 
concurrent consultation with at least two of the follow- 
ing specialties were obtained: urology, radiation oncology, 
medical oncology) or, alternatively, by individual practi- 
tioners in sequential settings. It was found that multidis- 
ciplinary care doubled the rate of active surveillance as 
an initial management strategy. Rates of selection of pros- 
tatectomy, external beam radiation therapy, and brachy- 
therapy all decreased. After adjustment for pertinent 
demographic-, clinical-, and provider-related variables, 
the effect of multidisciplinary care on active surveillance 
remained significant (odds ratio 2.15, 95% confidence 
interval 1.13-4.10; P = .02). Notably, both the number of 
physicians and the specialties encountered were associated 
with selection of active surveillance on univariable analy- 
sis, but not multivariable analysis, implying that multidis- 
ciplinary care itself, and not merely the number or type 
of physicians seen, was important to the shared decision- 
making process for selection of active surveillance (28). In 
summary, this was a key study in demonstrating that mul- 
tidisciplinary clinics can affect management. 

The use of protons versus photons may also be a 
decision for which multidisciplinary models of care may 
be helpful, as both protons and photons have their own 
set of associated benefits, risks, and costs. The input of 
several physicians in a potentially less biased setting can 
ultimately help patients to decide the optimal modality of 
management given their own priorities and goals of care. 
Further research investigating the role of multidisciplinary 
clinics on patient selection of protons versus photons (and 
other new and emerging therapies) may be warranted. 
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10.2 


PETER GRIMM 


E LDR AND HDR FOR LOW-RISK 
PROSTATE CANCER 


Two forms of brachytherapy are used for low-risk disease, 
low-dose rate (LDR) that employs permanently placed 
radioactive seeds and high-dose rate (HDR) that employs 
temporary placement of radioactive sources. Both meth- 
ods operate with the same principle, delivering a high- 
targeted dose to the prostate and suitable margin. Early 
experience with single seed placement technique using 
a retropubic technique prevented LDR treatments from 
consistently achieving high-quality implants. However, in 
the past 30 years, multiple technologic advances in both 
LDR and HDR have resulted in consistent high-quality 
implants and outcomes (1,20, 21, 24). These advances 
include introduction of preplanned and intraoperatively 
planned dosimetry, connected seeds, postoperative com- 
puted tomography (CT) dosimetry, and improved ultra- 
sound and magnetic resonance imaging (MRI) imagery 
for planning (1-8, 78). 


E RATIONALE FOR BRACHYTHERAPY 
IN LOW-RISK DISEASE 


The primary rationale of brachytherapy with either HDR 
or LDR in low-risk disease is the ability to deliver signifi- 
cantly higher dose of radiation than external beam radia- 
tion therapy (EBRT) to the prostate and the immediate 
surrounding margin. There is no dispute that higher radia- 
tion dose, with any radiation modality, results in higher 
prostate cancer control rates(12,15-18). The low-risk 
prescription dose for modern intensity-modulated radio- 
therapy (IMRT) and protons is typically 81 Gy, whereas 
the prescription doses for LDR, for example, are 125 Gy 
for Pd and 145 Gy for I-125. A typical HDR dose is 38 Gy 
over two separate treatments. LDR and HDR can achieve 
significantly high radiobiological doses, which has corre- 
lated with improved long-term cancer control cancer con- 
trol over IMRT treatments (18, 80,81). LDR and HDR are 
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considered to be radiobiologically similar (13). Although 
dose inhomogeneity with LDR and HDR brachytherapy 
is unavoidable because individual radioactive sources are 
emitting radiation from single sources, the calculated 
contributed dose from all of the sources to any point in 
the prostate and surrounding area remains substantially 
higher than EBRT. Technique, careful planning, and stan- 
dardization of the prescription dose can insure adequate 
doses to the prostate and immediate surrounding area. 


E PATIENT SELECTION WITH LOW-RISK 
DISEASE 


Virtually all patients with low-risk disease are candidates 
for LDR or HDR brachytherapy. Brachytherapy as “mono- 
therapy” can be a confusing term to patients because 
patients often think it means a single treatment. Although 
LDR monotherapy means a single outpatient treatment, 
HDR monotherapy means usually two separate sessions. 
HDR for low-risk disease is often a multimodality treat- 
ment, delivered as a combination of EBRT and a single 
HDR application. 

LDR and HDR are appropriate treatments for low- 
risk disease because there is a high likelihood of disease 
being confined to the implant target volume. Partin et al. 
demonstrated that the risk of lymph node and seminal 
vesicle risk is low in this group (9), and Davis et al. demon- 
strated that extracapsular extension (ECE) is within 3 mm 
from the edge of the gland in 98% of cases. Both LDR and 
HDR deliver high doses to the prostate and this margin of 
disease surrounding the prostate (10). 


m TECHNICAL ISSUES 


Large glands greater than 60 cc may create a technical 
challenge due to pubic interference and/or result in large 
volume of high dose. Pubic arch interference can occur 
with any size gland(8). Large prostates also require more 
needles and seeds or more source placement locations 
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to achieve adequate dosimetric coverage. An increase in 
trauma and swelling can increase the risk of temporary 
acute urinary retention. Thus, ideally, the prostate should 
be less than 60 cc at the time of the implant. Ultrasounds, 
CT scans, and MRIs can be very useful to evaluate this 
problem preoperatively. In addition, preoperative antian- 
drogens can help reduce the prostate size to this goal prior 
to implant. 

A previous transurethral resection of the prostate 
(TURP) does not exclude brachytherapy (79). However, 
large TURP defects can prevent adequate needle or seed 
placement. Patients with a history of a small TURP may 
be good candidates for an implant but should be coun- 
seled that their risk of incontinence may be slightly higher 
than non-TURP patients (79). 


E ONCOLOGIC ISSUES 


As noted in the Partin tables, low-risk patients usually have 
low likelihood of extraprostatic disease beyond the treat- 
ment volume (9). Extracapsular disease (ECE) is typically 
within a short distance of the prostate and easily within a 
LDR or HDR target volume (10). Surgical studies, however, 
suggest that the exception to using LDR or HDR monother- 
apy in low-risk patients may involve patients with a high 
percentage of positive biopsies (14). Although percentage 
biopsies has not yet been demonstrated in LDR or HDR 
monotherapy to have a significant effect on prognosis, we 
usually perform a pretreatment multiparametric MRI and 
consider combining EBRT with an implant in these patients. 


m CLINICAL ISSUES 


Overall and local tissue tolerance must be considered 
before selecting brachytherapy and should involve both 
the urologist and the radiation oncologist. Patients with 
a life expectancy of <5 years, generally, should not be 
considered for any treatment in this category. Absolute 
contraindications are rare but include patient intoler- 
ance to anesthesia and severe pubic arch interference. 
Active inflammatory bowel disease in the rectum should 
be considered with some caution(25). A retrospec- 
tive study from Mt. Sinai, however, demonstrated that 
patients with Crohn’s disease or ulcerative colitis did not 
have elevated rectal toxicity (82). 

Relative contraindications are those that the patient 
or physician may find unacceptable. Severe obstructive 
voiding symptoms, as defined as persistent International 
Prostate Symptom Score over 20 despite medications will 
increase the risk of temporary urinary obstruction or 
symptoms. Patients with bladder neck contracture or large 
median lobes can undergo prebrachytherapy transurethral 
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incision of the prostate or TURP 6 to 8 weeks prior to 
implantation to decrease the risk of obstruction prob- 
lems (22). Challenging patients, such as those with a history 
of prior low-dose pelvic radiation therapy, large prostate 
volume, large median lobe, unusual pelvic anatomy, or poor 
quality implant as noted at the time of postimplantation 
dosimetry after initial implant, will likely benefit from a 
consultation with an experienced radiation oncologist and 
urologist who are experts in prostate brachytherapy. 


E RESULTS 


Biochemical relapse-free survival (BRFS) is the most sensi- 
tive endpoint for treatment efficacy as it is the least influ- 
enced by confounding factors. Low-risk patients have 
a very long natural history with or without treatment, 
making survival, for example, a poor early endpoint for 
comparative analysis. Long-term, brachytherapy BRFS 
survival results for low-risk disease are demonstrated in 
Figure 10.2.1. This figure is updated from a comprehen- 
sive comparative study conducted by the Prostate Cancer 
Results Study Group (19,27-77). Figure 10.2.1 includes 
all studies to date meeting study criteria for low-risk dis- 
ease with a minimum median follow-up of 5 years and 
minimum 100 patients in each study. Long-term BRFS 
for low-risk disease is expected to be 89% to 98% for 
LDR and 92% to 94% for HDR at 10 years (19, 27-77). 
Updates are done every six months and can be obtained 
at www.pctrf.org. 


m TOXICITY 


Intraoperative or postoperative morbidity is rare(23). 
In our experience in Seattle with over 10,000 patients 
treated in an outpatient ambulatory surgery center, there 
have been no perioperative infections or deaths. Acute 
postoperative side effects are common and are primarily 
Radiation Therapy Oncology Group grade 1 to 2 irrita- 
tive and obstructive lower urinary symptoms, including 
increased urinary frequency, urgency, dysuria, and weak- 
ening of the urinary stream. The symptoms are at their 
worst weeks 2 to 6 postoperatively, diminish gradually, 
and can be bothersome for 2 to 12 months. Short-term 
(<3 weeks) acute urinary retention occurs in approximately 
3% to 10% of patients(23) and is generally associated 
with large gland size, high pretreatment urinary symptom 
score, and pretreatment with androgen ablation. Acute 
retention is treated with short-term self-catheterization or 
a suprapubic catheterization. 

Mild hematuria is to be expected for at least a few days 
after LDR or HDR. Mild hematospermia or orgasmalgia 
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Low-risk results. Numbers within symbols refer to original source references. 
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can occur with first orgasms and generally resolves. 
Prostatic and seminal vesicle fluid components (~90%) of 
the ejaculate will usually decrease dramatically but should 
not be considered contraceptive by the patient. 

Chronic or delayed rectal bleeding occurs with a 2% to 
3% in modern series but has been reported as high as (84) 
10% incidence (83). Postimplant dosimetric rectal volume 
receiving 100% of the prescribed dose (RV100) correlate 
to this, and the recommended targeted RV100 goal is less 
than 1.0 cc. Proctitis may be conservatively managed with 
dietary changes, steroids, suppositories, and sucralfate 
enemas. Significant rectal bleeding should be investigated 
with colonoscopy or flexible sigmoidoscopy. We advise 
against biopsy or electrocautery of the anterior rectum, 
due to risk of acquired rectal-urethral fistula or nonheal- 
ing rectal ulcer. In Seattle, we also require a colonoscopy 
within 5 years prior to brachytherapy. Chemical cautery 
with dilute formalin of the rectal mucosa for rectal bleed- 
ing is an effective chemical cautery measure. Late urinary 
retention due to urethral stricture occurs in approximately 
5% of LDR and 8% to 10% of HDR patients (88, 89). This 
highly correlates with dose (87). This can be corrected in 
~90% of patients with dilation or urethotomy (86). 


Erectile dysfunction (ED) can occur with all prostate 
cancer treatments and is highly dependent on pretreatment 
ability (26, 27). At 3 years post-LDR treatment in patients 
with normal erectile function, approximately 50% will 
retain this ability and another 30% will have near nor- 
mal ability with the use of PFDES inhibitors (27). In the 
prospective trial by Talcott and coworkers, significantly 
higher rates of ED were noted in the surgical patients than 
brachytherapy-treated patients (27). 
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E INTRODUCTION 


With an estimated 238,000 incident cases in the United 
States in 2013, prostate cancer (PC) remains the most 
common cancer in men(1). Approximately 29,700 men 
in the U.S. will die from PC in 2013. Consequently, most 
men die with PC rather than from the disease. In the era 
of widespread prostate-specific antigen (PSA) testing, most 
PC is clinically localized at diagnosis (2-4), and nearly half 
of incident cases are classified as low-risk (5) by D’Amico 
criteria (i.e., PSA <10 ng/mL, Gleason score <6, and clini- 
cal T2a or less)(6). Unfortunately, treatment of PC can 
be associated with significant side effects such as uri- 
nary incontinence and erectile dysfunction (7). Therefore, 
despite disease-specific mortality benefits associated with 
thoughtfully applied PSA screening and PC treatment (8, 9), 
overtreatment of the disease—particularly low-risk dis- 
ease in older men—is a significant concern (10). 

In the case of low-risk disease, clinicians and patients 
are faced with the dilemma of balancing the side effects 
of treatment against the potential harms of “doing noth- 
ing.” The decision is made more challenging by the poten- 
tial for significant understaging of clinical disease by 
transrectal ultrasound-guided prostate biopsy (11-13). 
Though traditional therapy for all clinically localized PC 
has been whole gland treatment with radical prostatec- 
tomy or radiotherapy, treatment approaches that aim to 
limit overtreatment while mitigating the risk of death from 
disease are garnering increased interest. One approach is 
active surveillance, which defers treatment until clinical 
upstaging is found on repeat biopsies performed at regular 
intervals. Active surveillance has been well studied since 
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the mid-1990s with excellent intermediate-term results 
(10-year disease-specific mortality of 3%) in appropri- 
ately selected patients(14). A recent study estimated that 
on average active surveillance defers therapy by 6.4 years 
at a cost of less than 2 months in decreased life expec- 
tancy(15). Nonetheless, concerns remain regarding side 
effects associated with patient anxiety, repeated biopsies, 
and the possibility of delayed whole-gland therapy. In addi- 
tion, there is potential loss of the therapeutic window in 
which a potentially curable cancer becomes incurable (16). 

Focal therapy is an alternative to active surveillance 
or immediate whole gland treatment that aims to provide 
definitive therapy while limiting side effects by treating 
only the portion of the prostate burdened with cancer. 
This chapter will focus on the challenges associated with 
focal therapy for PC, which include patient selection, iden- 
tification of lesions, selection of treatment modality, and 
follow-up after treatment. 


E PATIENT SELECTION 


Clinical Stage 


It has been argued that patients who are candidates for 
focal therapy should be similar to those who are enrolled 
in active surveillance, which in the majority of American 
series has been limited to those patients with very low-risk 
disease, defined by Epstein (17) as: clinical stage <T2a, PSA 
<10 ng/mL, Gleason grade <6, low PSA density (<0.15), 
and low volume disease (no more than 2/12 cores positive 
or involvement of >50% of one core) (14). Nevertheless, 
active surveillance was associated with a low PC-specific 
mortality rate in a large Canadian series that included 
older patients with Gleason pattern 3+4 disease and PSA 
up to 15 ng/mL (18). It has therefore also been argued that 
because focal therapy involves active treatment of cancer 
rather than surveillance, it is reasonable to consider its use 
in patients with low volume Gleason grade 3+4 disease 
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and potentially applicable to older patients with primary 
Gleason pattern 4 PC. 

After much debate, a recently published 18-physician 
Consensus Report(19) recommended that appropriately 
selected intermediate-risk patients should be considered 
for focal therapy. Specifically, the panel recommended 
focal therapy be limited to patients with life expectancy 
>10 years, those with low- to intermediate-risk disease, and 
clinical stage T2aNOMO and radiologic stage T2bNOMO 
or less. Unsurprisingly, it was difficult for this interna- 
tional panel to reach a consensus on candidate selection: 
recently completed and ongoing focal therapy trials in the 
United States and Europe have inclusion criteria varying 
from PSA<10 to <15 ng/mL and Gleason score ranging 
from <6 to <8 (www.clinicaltrials.gov, Table 11.1.1) (20). 


Confirmation of Eligibility 


Porten and colleagues (21) found that 81 of 377 (21%) men 
enrolled in active surveillance were upgraded on repeat 
12-core transrectal biopsy. Therefore, if a patient is eli- 
gible and interested in focal therapy following diagnos- 
tic prostate biopsy, a repeat biopsy and/or MRI should 
be considered to rule out larger volume or higher grade 
cancers that may represent a greater threat of disease 
progression and metastases. Detailed localization of the 
disease has been attempted with transperineal mapping 
biopsies. Onik and colleagues (22) evaluated 180 patients 
with unilateral cancer on TRUS-biopsy considering con- 
servative management. Using a brachytherapy grid and 
ultrasound guidance, a median of 50 cores were taken 


E Table 11.1.1 
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from each patient at 5 mm intervals. Bilateral disease was 
identified in 110 patients (61%) and Gleason score was 
upgraded to 7 or higher in 41 of 120 (34%) patients with 
Gleason grade 6 cancer on initial biopsy. The findings 
of Onik et al. underscore the relative rarity of unilateral 
and unifocal cancer as well as the potential limitations of 
TRUS-biopsy alone prior to pursuing focal therapy. 

MRI in combination with TRUS-biopsy has also been 
used to evaluate eligibility for focal therapy. Girouin and col- 
leagues (23) compared whole-mount radical prostatectomy 
pathology with preoperative dynamic contrast-enhanced 
(DCE) MRI in 46 men. Although DCE imaging performed 
significantly better than standard T2-weighted MRI, sig- 
nificant nodules (defined as >0.3 cc) were missed in about 
20% of cases. The likelihood of a missed nodule decreased 
with increasing Gleason grade. Improved results have also 
been obtained with use of endorectal coil MRI(24), though 
smaller lesions (<0.5 cc) may still be missed. Advanced ultra- 
sonogrophy modalities such as computer-aided ultrasonog- 
raphy (HistoScanning) may also prove useful in determining 
the location and extent of localized disease (25,26). 

Focal therapy may still be considered even if multifo- 
cal disease is found on transperineal mapping biopsy or 
focused prostatic imaging. Bott and colleagues (27) identi- 
fied 374 tumor foci in 100 radical prostatectomy speci- 
mens which included 68 Gleason 6 cancers by preoperative 
biopsy. The median volume of the index lesion was 0.95 cc 
(range 0.1-18.2) whereas the median volume of secondary 
lesions was 0.2 cc (range 0.05-1.7), with only 9 having 
volume >0.5 cc. Of the 274 secondary lesions, 12 con- 
tained cancers of Gleason grade >6, and 4 were responsible for 
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Expected 
Clinical Trial ID Modality Phase Study Site PSA GS n Completion 
NCT00295802 HIFU vs. Phase 2/3 Multi-institutional, United <10 <6 446 07/2012 
Cryoablation States 
NCT00770822 HIFU vs. Std Phase 2/3 Multi-institutional, United <10 <6 466 07/2013 
Brachytherapy States 
NCT00774436 = Cryoablation Phase2 Memorial Sloan-Kettering <10 <6 50 10/2013 
NCT01094665 Laser ablation Phase 1/2 University Health Network <15 not specified 60 12/2013 
NCT01377753 Laser ablation Phase 2 National Cancer Institute <15 <3+4 15 04/2014 
NCT00877682  Cryoablation Phase1 M.D. Anderson <10 <34+4 100 04/2014 
NCT01354951 Brachytherapy Phase 2 Multi-institutional, United <10 <3+4 80 05/2014 
States 
NCT01194648 HIFU Phase 2 University College London <10 $443 272 06/2014 
NCT00928603 Cryoablation Phase 1 Università Vita-Salute San <10 <6 100 09/2014 
Raffaele 
NCT01792024 Laser ablation Phase 2. University of Chicago <15 <7 27 05/2015 
NCT01310894 PDT vs. Active Phase3 Miulti-institutional,Europe <10 <6 400 09/2015 
Surveillance 
NCT01830166 Brachytherapy Phase 1 British Columbia Cancer <10 <3+4 10 05/2017 
Agency 
NCT01802307 Brachytherapy Phase2 University of Maryland <15 <3+4 50 03/2018 


Abbreviations: PSA, prostate-specific antigen; GS, Gleason score; n, expected enrollment; HIFU, high-intensity focused ultrasound; PDT, 
photodynamic therapy. 
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extraprostatic extension. Similarly, Noguchi et al. (28) 
found that 140 of 222 (63%) radical prostatectomy speci- 
mens contained either unifocal cancer or cancers with sec- 
ondary lesions <0.5 cc in volume. Further suggesting the 
potential use of focal therapy in multifocal disease are sev- 
eral studies documenting that adverse pathology, if pres- 
ent, is likely to be associated with the index lesion (27-31). 
Nonetheless, the long-term risk associated with untreated 
secondary lesions is unknown. 


E TREATMENT MODALITIES 


Cryotherapy 


Cryosurgical ablation induces tissue damage through 
several mechanisms (32). As the tissue is cooled and ice 
forms, an osmotic gradient is created between the dehy- 
drated extracellular environment and relatively hypotonic 
intracellular environment. Water then exits cells, creating 
a toxic hyperosmolar intracellular environment. In addi- 
tion, further cooling leads to direct damage to endothelial 
cells and intracellular freezing, which disrupts intracellu- 
lar structures. It is thought that cells ultimately die from 
both direct cell killing related to freeze-rupture as well as 
by induction of apoptosis. 

Nerve-sparing focal cryoablation was first described 
by Onik and colleagues (33) in 2002 in a cohort of 9 men 
with unilateral PC by sextant biopsy. In the technique 
described by Onik et al., a 22-gauge needle was placed 
transperineally into Denonvillier’s fascia and saline injected 
to separate the rectum from the prostate then a urethral 
warmer placed. While monitoring the temperature of the 
contralateral neurovascular bundle (the ipsilateral neuro- 
vascular bundle is destroyed with this hemiablation tech- 
nique), cryoprobes were transperineally placed 1 cm apart 
within the areas to be destroyed, 5 mm from the edge of 
the prostate on the side of the tumor, and at the conflu- 
ence of the seminal vesicles posterior to the urethra. Tissue 
temperatures of -35°C were achieved using the Argon gas- 
based system, and two cycles of freezing and thawing were 
performed. All patients had a negative follow-up biopsy 
and stable PSA after a mean follow-up of 3 years. Seven 
out of nine patients remained potent. 

Results of four more recent studies (34-37) evaluating 
cryosurgical hemiablation of the prostate as initial therapy 
for PC have been similarly encouraging. Inclusion criteria 
of these generally smaller series (n = 25-77) were varied: 
mean PSA ranged from 4.9 to 7.2 ng/mL, and two stud- 
ies were inclusive of Gleason grade <7 disease (34, 35), one 
inclusive of <8 disease (37), and one inclusive of <10 dis- 
ease (36). PC was diagnosed in all studies by TRUS-biopsy. 
By ASTRO or Phoenix criteria, biochemical disease-free 
survival at follow-up of 15 to 70 months was reported at 
73% to 93%. Biopsy-proven recurrences were identified in 
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4% to 23% of patients, nearly all of which were found in 
untreated areas. Potency was maintained in 71% to 89% 
and continence in 96% to 100%. 

Onik and colleagues (38) sought to improve on their 
initial hemiablation experience by focal ablation of lesions 
after detailed 3D-mapping by transperineal biopsy in a 
recent study inclusive of men with Gleason grade <8 PC. 
Cryotherapy was directed only at areas of cancer with 
attempted sparing of both neurovascular bundles, if 
possible. At mean follow-up of 4.5 years, biochemical 
disease-free survival was maintained in 94% of patients, 
with 10% having biopsy-proven recurrences, all of which 
were in untreated areas. Potency was maintained in 90% 
of men. In contrast, imaging-based rather than transperi- 
neal mapping-dependent focal cryoablation may also be 
an option for those patients whose lesions are visible on 
MRI, and results have been encouraging (39). 

Complications of cryotherapy are rare but can include 
urinary retention, erectile dysfunction, and rectourethral 
fistula. Cryotherapy may be more challenging to admin- 
ister to patients with anterior cancers or very large pros- 
tates. In addition, long-term outcomes are somewhat more 
challenging to ascertain based on relatively short follow- 
up in many studies and high rates (up to 92%) of admin- 
istration of preoperative androgen deprivation therapy (40). 
Potential to miss significant (i.e., >0.5 cc) secondary 
lesions is a concern and may be as high as 20% (41). 

Results of a Phase II study of the use of focal cryother- 
apy for low-risk disease are expected and should provide 
further insight with respect to its applicability in this set- 
ting (NCT00774436). A similar study (NCT00877682) 
in low and intermediate-risk disease is also ongoing and 
should provide additional efficacy and quality of life 
data. However, neither study is likely to answer questions 
regarding the long-term cancer-related outcomes associ- 
ated with cryotherapy. 


High Intensity Focused Ultrasound (HIFU) 


High intensity focused ultrasound (HIFU) uses focused 
ultrasound energy to generate temperatures within tissue 
of greater than 60°C, resulting in coagulative necrosis. 
The two most common systems are the Ablatherm® and 
Sonoblate® 500, both of which function by similar princi- 
ples. Under general or regional anesthesia, a cooling probe 
is placed in the rectum, and hundreds of cycles of therapy 
are delivered to a focused area under ultrasound guidance. 
Transurethral resection of the prostate is sometimes per- 
formed concomitantly. Unfortunately, HIFU may be lim- 
ited in treatment of anterior lesions and smaller prostates. 

Though HIFU has mainly been studied as whole gland 
therapy, in 1995 Madersbacher and colleagues (42) pub- 
lished the first study investigating the feasibility of focal 
HIFU therapy as treatment for PC. Only 3 of 10 patients, 
all of whom had presumed unilateral disease prior to 
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treatment, were found to have had their cancer completely 
eradicated by HIFU at radical prostatectomy. More recent 
studies of whole gland ablation, however, have produced 
more encouraging results. 

Poissonnier and colleagues (43) studied 227 men with 
clinical stage T1-T2 PC treated with whole gland HIFU 
with the Ablatherm device between 1994 and 2003. 
Patients underwent a mean of 419 cycles per treatment 
session. At a mean follow-up of 27 months, 86% had a 
negative 6-core biopsy; however, 31% had received neo- 
adjuvant hormone deprivation. Five-year disease-free sur- 
vival was reported at 66%. Forty-three percent of men 
required retreatment for persistent disease, 13% devel- 
oped urinary incontinence, and 12% developed urethral 
stricture. In a similar study, Uchida et al. (44) reported on 
treatment of 517 patients with T1c-T3NOMO disease with 
whole gland HIFU over an 8-year period using the Sonablate 
500. Using the Phoenix criteria (PSA nadir + 2 ng/mL) 
to define biochemical failure, 74%, 79%, 72%, 24%, and 
33% of patients with stage T1c, T2a, T2b, T2c, and T3 
disease, respectively, remained biochemically disease-free 
at 5 years. Twenty-nine percent of patients who were 
potent preoperatively had erectile dysfunction at a median 
follow-up of 2 years. 

There is limited data published on HIFU for partial 
gland ablation as definitive therapy. We are aware of three 
studies, each including between 12 and 29 patients (45-47). 
Negative biopsy rates after therapy were reported in 77% 
to 89% of patients. Muto et al.(45) reported biochemical 
disease-free recurrence at two years at 83% in low-risk 
and 54% in intermediate-risk cancers, whereas El Fegoun 
et al. (46) reported 90% of men were biochemically free of 
disease at 5 years. 

Reported complications of HIFU include urinary 
retention (12%-22%), urethral stricture and/or blad- 
der neck contracture (0%—41%), urinary tract infection 
(0%—48%), incontinence (1%-—18%), fistula (0%-1%), and 
erectile dysfunction (18%-—53%) (44). At this time, its use 
in the United States for focal PC treatment remains largely 
investigational. There is currently one ongoing nonran- 
domized study of HIFU for initial treatment of localized 
PC in the United States comparing HIFU with brachy- 
therapy for initial treatment of low-risk PC and whose 
results are expected shortly (NCT00295802). A large, 
multi-institutional study is investigating HIFU as salvage 
therapy after external beam radiation (NCT00772317). 
Results of both studies may have implications for the fre- 
quency of HIFU treatment in the U.S. going forward. 


Photodynamic Therapy 


In photodynamic therapy (PDT), light activates a topically 
or systemically delivered photosensitizer in the presence of 
oxygen to generate free radicals that damage cells and/or 
microvasculature and cause tissue necrosis (48). Initially 
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used to treat skin lesions, PDT has subsequently been 
tested in a number of other cancer sites. Tissue-activated 
agents can take several days to achieve desired levels in 
target organs, requiring a delay of several days between 
administration of the photosensitizer and light treatment. 
In addition, these agents can accumulate in nontarget tis- 
sues, such as the eyes and skin. As such, light-protection 
may be required for up to 6 weeks. In contrast, vascular- 
targeted phototherapy (VTP) agents achieve peak concen- 
trations relatively quickly, allowing administration of the 
drug and light therapy in the same treatment session. 

The first clinical trial evaluating PDT in PC was pub- 
lished in 2002 and included men with locally recurrent 
disease (49). The same group subsequently conducted a 
study of the tissue-based PDT agent mT HPC (Foscan®) as 
primary therapy in 6 men with organ-confined Gleason 
6 PC. A 652 nm laser was used to activate the mTHPC 2 to 
5 days following intravenous administration. The results 
were discouraging: four patients required repeat treatment 
for residual cancer at follow-up biopsy, all patients experi- 
enced lower urinary tract symptoms for 2 weeks, two men 
developed urinary retention, and one patient developed 
gram-negative sepsis. 

Since its initial application, studies have aimed to 
determine optimal dosing of photosensitizing agents 
and timing to light therapy, which is typically delivered 
transperineally under MRI or ultrasound template-based 
guidance. Initially encouraging oncologic outcomes have 
been achieved with the VTP palladium pheophorbide 
photosensitizers (WST-09 Tookad® and WST-11 Tookad® 
Soluble) (48), however optimal therapy and long-term out- 
comes are still unknown. Additionally, its use in recurrent 
localized PC following radiotherapy has been associated 
with rectourethral fistula (50), which raises concerns for 
this potential complication resulting from initial therapy. 

A European randomized clinical trial aiming to com- 
pare oncologic and quality of life outcomes associated 
with Tookad Soluble PDT versus active surveillance is 
currently recruiting patients (NCT01310894). With an 
estimated enrollment of 400 men, this phase III study 
should provide much-needed insight as to the appropriate 
application and expected outcomes associated with PDT 
as primary therapy for low-risk PC. 


Radiation Therapy 


Though almost exclusively used for whole gland therapy, 
radiotherapy with both intensity-modulated radiation 
therapy (IMRT) and brachytherapy have also been stud- 
ied as partial gland therapy. In one such example with 
IMRT, van Lin et al. (51) irradiated the entire prostate to 
70 Gy with a boost dose of 90 Gy to the affected lobe 
in a feasibility study. Brachytherapy, however, remains 
a more encouraging option than IMRT for focally 
delivered therapy. Nguyen and colleagues (52) recently 
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reported outcomes on 318 men (cT1c, Gleason grade <7, 
PSA <15 ng/mL) over 10 years who underwent MRI- 
guided brachytherapy limited to the peripheral zone. 
Freedom from PSA failure (defined as nadir + 2 ng/mL and 
PSA velocity >0.75 ng/mL/yr) was observed in 96% and 
90% of men with low-risk disease at 5 and 8 years, respec- 
tively, and 73% and 66% at 5 and 8 years, respectively, 
in men with intermediate-risk disease. Though, based on 
this study, limited-template brachytherapy appears to be 
inappropriate for intermediate-risk disease, focal brachy- 
therapy may be promising in low-risk disease. Several 
clinical trials designed to further investigate the feasibil- 
ity and outcomes associated with focal brachytherapy as 
initial management for low-risk PC are in the early stages 
(NCT01802307, NCT01354951). 


Focal Laser Ablation 


Lindner and colleagues(53) used laser energy to ablate 
MRI-visible lesions under real-time monitoring in 
12 patients with low-risk PC in a phase I study. Follow-up 
using a combination of prostate biopsy and MRI revealed 
no evidence of disease in 50% of patients and no evidence of 
disease at the site of treatment in 67%. No patients experi- 
enced worsening of erectile function or voiding symptoms. 
In a concurrent study, Lindner et al. (54) confirmed histo- 
pathology at radical prostatectomy to be well correlated 
with ablated volume on MRI after laser therapy in four 
patients. Most recently, Oto and colleagues (55) published 
a phase I study in nine patients with Gleason <7 disease 
treated with focal laser ablation. MRI-guided biopsy fol- 
lowing treatment revealed no disease in 7 patients and 
Gleason 6 cancer in 2. There was no significant change 
in mean erectile function or urinary symptom scores. One 
additional phase I study in the United States is underway 
(NCT01377753). Oto and colleagues are currently enroll- 
ing patients in a Phase II efficacy study whose results are 
expected in the year 2015 (NCT01792024). 


E FOLLOW-UP 


Laboratory Studies 


Whereas PSA is a very reliable marker of recurrent disease 
following radical prostatectomy, its use in focal therapy is 
not well defined. Criteria well studied in the radiated pop- 
ulation include the ASTRO (3 consecutive rising PSA val- 
ues following a nadir with backdating to halfway between 
the nadir and first rise)(56) and Phoenix criteria (nadir 
+ 2 ng/mL) (57). Although these criteria have been applied 
in direct or modified form in many focal therapy studies to 
define biochemical recurrence-free survival, neither set of 
criteria has been validated in this setting. Acknowledging 
the uncertainty associated with PSA in follow-up 
after focal therapy, the 2010 Consensus Report (19) 
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recommended PSA be measured every 3 months for the 
first year and every 6 months thereafter. However, the 
panel did not provide any direct insight regarding what 
PSA criteria define treatment failure. 


Biopsy 


The 2010 Consensus Report, having recommended 
detailed transperineal biopsy mapping in all patients prior 
to initiating therapy, stressed that ideal assessment of 
oncologic outcomes would involve a similar repeat biopsy 
after therapy. However, the panel recognized the chal- 
lenges involved and acknowledged that an office-based 
TRUS-biopsy at 6 to 12 months post therapy was reason- 
able. Although expert consensus is a helpful guide, at this 
time decisions regarding rebiopsy will generally have to be 
an individualized decision based upon clinical suspicion. 


. 
Imaging 


MRI may obviate the need for invasive follow-up after 
focal therapy. Rouviére and colleagues(58) lauded the 
ability of combined T2-weighted and DCE MRI to distin- 
guish between areas of posttreatment fibrosis and tumor 
after HIFU therapy. In follow-up after cryotherapy, add- 
ing MR-spectroscopy imaging to endorectal MRI greatly 
improved the ability to detect cancer over endorectal MRI 
or TRUS alone(59). Nevertheless, relying exclusively on 
imaging has limitations: not all tumors are visible on 
MRI, T2-weighted imaging alone poorly differentiates 
ablated areas from tumor, and even with advanced imag- 
ing techniques sensitivity to detect recurrent or de novo 
disease may be suboptimal (60). 


m CONCLUSIONS 


At a time when the urologic community is under increas- 
ing pressure to balance the risk of PC treatment with 
treatment-related side effects, investigation of focal ther- 
apy holds promise. However, long-term oncologic and 
functional outcomes are largely unknown. Before any of 
the existing treatment modalities are deserving of wide- 
spread use, further studies will be required to better 
characterize outcomes with focal therapy in comparison 
to existing established treatment approaches, including 
active surveillance. 
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MARK HURWITZ 


Hyperthermia is the use of heat for therapeutic purposes. 
Thermal ablation is the use of high temperatures that 
result in direct cellular and tissue destruction. In oncol- 
ogy, moderate temperature elevations in the range of 39°F 
to 45°F can be used to sensitize or complement radiation, 
chemotherapy, and potentially immunotherapy. Cancer 
cells may be resistant to radiation due to many factors 
including phase of the cell cycle, hypoxia, acidification, 
and nutritional deprivation. These conditions associated 
with radiation resistance all make cells more susceptible 
to killing with heat(1-7). For instance, late s-phase is 
the point in the cell cycle when cells are most resistant 
to radiation and the point at which hyperthermia has 
been shown to have maximal effect. In regard to hypoxia, 
hyperthermia effect may be greatest in poorly oxygen- 
ated cells, which, due to poor perfusion, are more easily 
heatable (8,9). The subsequent induction of a physiologic 
response increasing perfusion to dissipate heat leads to 
tissue oxygenation prior to radiation therapy. Similarly, 
hyperthermia results in enhanced effect when given in 
combination with certain chemotherapeutic agents (10). 
Hyperthermia through production of heat shock proteins 
is also associated with modulation of the immune system 
including the potential to generate a tumor specific cellu- 
lar immune response (11,12). 

In regard to prostate cancer, hyperthermia has been 
shown to provide potential benefit in a range of early stage 
clinical trials. The first reported study to assess hyper- 
thermia with radiation included 21 patients with locally 
advanced disease defined as clinical T2b through T4 or 
recurrent prostate cancer. Median Gleason score was 7 
and median prostate-specific antigen (PSA) was 69 ng/mL. 
Five to ten noninvasive local-regional hyperthermia treat- 
ments were administered in combination with external 
beam radiation therapy to a median dose of 6840 cGy. In 
this heterogeneous high-risk group of patients treated in 
an era predating most systemic therapies now available, 
disease free and overall survival at 3 years were 25% and 
88%, respectively. There was no significant increase in 
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acute or long-term toxicity with addition of hyperthermia 
to radiation (13). 

In another early study of a heterogeneous group of 
patients, noninvasive regional hyperthermia was adminis- 
tered weekly for a total of five to six treatments over a nearly 
8-week course of radiation therapy to 6840 cGy. Fifteen 
patients with primary T3NOM0 disease and seven with histo- 
logically confirmed local recurrence postprostatectomy were 
treated. Five patients received short-term androgen depriva- 
tion. With 6 years of median follow-up overall survival was 
95% and 60% for primary and recurrent disease respectively. 
Notably higher temperatures and measures of thermal dose 
correlated with improved biochemical control (14). 

Another early phase trial assessed both noninvasive 
and interstitial hyperthermia techniques with external 
beam radiation. Twelve patients received a single intersti- 
tial treatment on a phase I study and 14 received 5 weekly 
regional hyperthermia treatments on a phase II study. All 
patients had clinical T3 or T4 disease. Freedom from bio- 
chemical relapse was 70% at 36 months overall and 79% 
for regional and 57% for interstitial approaches (15). 

In the largest study to date of hyperthermia for pros- 
tate cancer, patients with either clinical T2 tumors with 
Gleason scores > 7 and/or PSA > 10 ng/mL or clinical T3 
or T4 disease received hyperthermia with a noninvasive 
annular-phased array radiofrequency device in combi- 
nation with 7400 cGy. Hyperthermia was administered 
weekly for up to 5 treatments. Androgen deprivation of 
variable type and duration was used in nearly two thirds 
of patients. A total of 144 patients were enrolled on this 
phase II trial. Five year overall survival and biochemical 
disease-free survival were 87% and 49%, respectively. 
Hyperthermia was well tolerated (16). 

Transrectal and interstitial approaches to prostate 
hyperthermia have also been assessed in clinical trials. 
A phase II trial atthe Dana-Farber Cancer Institute included 
37 patients with clinical T2b-T3a disease treated with 3D 
conformal radiation to a median dose of 6660 cGy with two 
transrectal ultrasound hyperthermia treatments adminis- 
tered in the first 4 weeks of radiation therapy. All but the first 
four patients received short course androgen deprivation. 
Median Gleason score and PSA were 7 and 13.3 ng/mL, 
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respectively. With median follow-up of 70 months the 
7-year overall survival rate was 94%, and 61% of patients 
remained failure free. There was a statistically significant 
increase in the absolute rate of disease-free survival at 
2 years, which was the primary study endpoint. Disease- 
free survival at 2 years was 84% for study participants, 
which compared favorably with a rate of 64% for simi- 
lar patients on the 4-month androgen suppression arm of 
Radiation Therapy Oncology Group (RTOG) 92-02 that 
served as the benchmark historical control group. When 
Phoenix criteria were used to define biochemical failure, 
89% of patients were failure free at 2 years. Hyperthermia 
was well tolerated with no significant long-term side 
effects (17). 

Another innovate approach to prostate hyperthermia 
involves the implantation of self-regulating thermoseeds 
in an analogous manner to prostate brachytherapy. These 
seeds are heatable in an alternating magnetic field to a 
predetermined maximum temperature, or Curie point, 
based on their composition. Promising early results have 
been reported in 57 patients with T1 through T3 prostate 
cancer with median PSA of 11.6 ng/mL and the median 
World Health Organization (WHO) tumor grade 2. 
A total of 6 hyperthermia treatments were adminis- 
tered with 55°C Curie thermoseeds after implantation in 
combination with 6840 cGy. With median follow-up of 
36 months, 84% remained free of recurrence with median 
PSA of 0.55 ng/mL 2 years after therapy (18). 

Hyperthermia in combination with radiation has 
shown promise for palliation of symptoms associated 
with advanced or recurrent prostate cancer. Thirteen 
patients treated on a phase I-II study with a noninva- 
sive radiofrequency device all experienced clinical and/ 
or radiographic responses and all achieved complete pal- 
liation of symptoms (19). In another study of 15 patients 
with symptomatic prostate cancer, microwave hyperther- 
mia in combination with radiation resulted in moder- 
ate to marked improvement in symptoms in 8 patients. 
Studies of immune markers also indicated stimulation of 
response and intriguingly a few patients were noted to 
have resolution of bone scan findings without additional 
therapy (20). 

New approaches to prostate hyperthermia in preclini- 
cal or early clinical development include magnetic nano- 
fluids and transurethral strategies including ultrasound 
and noninvasive high intensity focused ultrasound used to 
moderately heat larger areas of tissue as opposed to highly 
focal tissue ablation (21). 

While promising results with prostate hyperthermia 
have been noted in certain circumstances, future studies 
will benefit from additional focus on inclusion of uni- 
form patient risk groups and treatment protocols. Phase 
II trials have been done for a wide range of malignancies 
with survival advantage noted in several studies (22-24). 
However, to date none have yet been done for prostate 
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cancer. Completion of such trials will help to define the 
role of hyperthermia for prostate cancer. 


mM REFERENCES 


1. Dewey WC, Hopwood LE, Sapareto LA, et al. Cellular response 
to combinations of hyperthermia and radiation. Radiology. 
1977;123:463-474. 

2. Gerweck L. Modification of cell lethality at elevated tempera- 
tures. The pH effect. Radiat Res. 1977;70:224-235. 

3. Gerweck LE, Nygaard TG, Burlett M. Response of cells to hyper- 
thermia under acute and chronic hypoxic conditions. Cancer Res. 
1979;9:966-972. 

4. Hahn GM, Shiu C. Adaptation to low pH modifies ther- 
mal and thermochemical responses of mammalian cells. Int J 
Hyperthermia. 1986;2:379-387. 

5. Henle KJ, Leeper DB. Combination of hyperthermia (40°, 45° C) 
with radiation. Radiology. 1976;121:451-454. 

6. Kim JH, Kim SH, Dutta P, et al. Preferential killing of glucose- 
depleted HeLa cells by menadione and hyperthermia. Int J 
Hyperthermia. 1992;8:139-146. 

7. Westra A, Dewey WC. Variation in sensitivity to heat shock dur- 
ing the cell cycle of Chinese hamster cells in vitro. Int J Radiat 
Biol. 1971319:467-477. 

8. Eddy HA. Alterations in tumor microvasculature during hyper- 
thermia. Radiology. 1980;137:515-521. 

9. Song CW. Effect of local hyperthermia on blood flow and 
microenvironment: a review. Cancer Res. 1984;44(suppl 
10):S4721-S4730. 

10. Kano E. Hyperthermia and drugs. In: Overgaard J, ed. 
Hyperthermic Oncology. London, UK: Taylor & Francis; 
1985:277-282. 

11. Srivastava PK, Maki RG. Stress-induced proteins in 
immune response to cancer. Curr Top Microbiol Immunol. 
1991;167:109-123. 

12. Udono H, Srivastava PK. Heat shock protein 70-associated peptides 
elicit specific cancer immunity. J Exp Med. 1993;178:1391-1396. 

13. Anscher MS, Samulski TV, Dodge R, Prosnitz LR, Dewhirst MW. 
Combined external beam irradiation and external regional hyper- 
thermia for locally advanced adenocarcinoma of the prostate. Int 
J Radiat Oncol Biol Phys. 1997;37(5):1059-1065. 

14. Tilly W, Gellermann J, Graf R, et al. Regional hyperthermia 
in conjunction with definitive radiotherapy against recurrent 
or locally advanced prostate cancer T3 pNO MO. Strahlenther 
Onkol. 2005;181(1):35-41. 

15. Van Vulpen M, De Leeuw JR, Van Gellekom MP, et al. A prospec- 
tive quality of life study in patients with locally advanced prostate 
cancer, treated with radiotherapy with or without regional or inter- 
stitial hyperthermia. Int J Hyperthermia. 2003;19(4):402-413. 

16. Maluta S, Dall’Oglio S, Romano M, et al. Conformal radio- 
therapy plus local hyperthermia in patients affected by locally 
advanced high risk prostate cancer: preliminary results of a pro- 
spective phase II study. Int J Hyperthermia. 2007;23(5):451-456. 

17. Hurwitz MD, Hansen JL, Prokopios-Davos S, et al. Hyperthermia 
combined with radiation for the treatment of locally advanced 
prostate cancer: long-term results from Dana-Farber Cancer 
Institute study 94-153. Cancer. 2011;117(3):510-516. 

18. Deger S, Taymoorian K, Boehmer D, et al. Thermoradiotherapy 
using interstitial self-regulating thermoseeds: an intermediate 
analysis of a phase II trial. Eur Urol. 2004;45(5):574-580. 

19. Kalapurakal JA, Pierce M, Chen A, Sathiaseelan V. Efficacy 
of irradiation and external hyperthermia in locally advanced, 
hormone-refractory or radiation recurrent prostate cancer: 
a preliminary report. Int J Radiat Oncol Biol Phys. 
2003;57(3):654-664. 


CHAPTER 11.2 œ 


20. 


21. 


22. 


Hyperthermia for Prostate Cancer 


Stawarz B, Zielinski H, Szmigielski S, et al. Transrectal 
hyperthermia as palliative treatment for advanced adenocarci- 
noma of prostate and studies of cell-mediated immunity. Urology. 
1993;41:548-553. 

Johannsen M, Gneveckow U, Taymoorian K, et al. Morbidity and 
quality of life during thermotherapy using magnetic nanoparticles 
in locally recurrent prostate cancer: results of a prospective phase 
I trial. Int J Hyperthermia. 2007;23:315-323. 

van der Zee J, Gonzalez Gonzalez D, van Rhoon GC, et al. 
Comparison of radiotherapy alone with radiotherapy plus 
hyperthermia in locally advanced pelvic tumours: a prospective, 


23. 


24. 


217 


randomised, multicentre trial. Dutch Deep Hyperthermia Group. 
Lancet. 20003355:1119-1125. 

Sneed PK, Stauffer PR, McDermott MW, et al. Survival benefit of 
hyperthermia in a prospective randomized trial of brachytherapy 
boost _/_ hyperthermia for glioblastoma multiforme. Int J Radiat 
Oncol Biol Phys. 1998;40:287-295. 

Valdagni R, Amichetti M. Report of long-term follow-up in a ran- 
domized trial comparing radiation therapy and radiation therapy 
plus hyperthermia to metastatic lymph nodes in stage IV head and 
neck patients. Int J Radiat OncolBiol Phys. 1994;28:163-169. 


11.3 


ASHLEY G. WINTER 
JONATHAN A. COLEMAN 


E MECHANISM OF ACTION 


Photodynamic therapy (PDT) is a nonthermal ablative 
technology that utilizes activation of a light-sensitive com- 
pound to produce reactive oxygen species (ROS) and sub- 
sequent tissue destruction. Traditional PDT is predicated 
on photosensitive agent extravasation from the vascula- 
ture and cellular uptake into tissues followed by local laser 
irradiation. This form of PDT has two fundamental pit- 
falls: (a) treatment generally requires two separate patient 
visits, one for drug administration, and a second for light 
exposure several days later, and (b) long-term photosen- 
sitivity requiring avoidance of sunlight by patients due 
to prolonged drug half-life(1). Vascular-targeted photo- 
dynamic therapy (VTP), however, is a distinct form of 
PDT that affects tissues directly from the vascular com- 
partment; this permits rapid treatment following pho- 
tosensitizer administration and eliminates the pitfalls of 
conventional agents. A number of agents can be used to 
produce the VTP effect, though for recent urologic applica- 
tions, VTP is considered as reference to several clinical tri- 
als using the bacteriochlorophyll derivatives, TOOKAD® 
(T or WST-09) and TOOKAD Soluble (TS or WST-11). 
TOOKAD® is a lipophilic agent that binds to plasma lipo- 
proteins following intravenous co-administration with a 
cremophor solubilizing agent, while TOOKAD-Soluble 
complexes with serum albumin (2-4). Prior to elimina- 
tion, circulating photosensitizer is activated by laser illu- 
mination in the near-infrared spectrum (NIR) (753 nm), 
generating both ROS and secondary reactive nitrogen spe- 
cies (RNS) (4,5). ROS and RNS induce a rapid sequence 
of vasodilation, followed by vasoconstriction and blood 
clotting in the tumor feeding arterioles, leading to isch- 
emia and necrosis. Selectivity for malignant over benign 
tissues was demonstrated by Madar-Balakirski et al., 
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likely due to the immature, rudimentary and disordered 
structure of tumor vessels(6). TS-VTP also induces a 
strong immune reaction, with significant neutrophil and 
lymphocyte recruitment to treated areas (7). 

The chronic effects of TS-VTP can be observed on his- 
topathology. On prostate biopsy tissue 6 months following 
treatment, there is well-demarcated, fibrotic, and hyaline 
scarring with interspersed regions of atrophic glands, mild 
inflammation, and coagulative necrosis (8,9). Unlike radi- 
ation or hormonal therapy, VTP does not induce gland- 
wide changes that are difficult to interpret on histology. 
TS-VTP generates clearly demarcated regions of hemor- 
rhagic and coagulative necrosis with sharply defined bor- 
ders and relative sparing of small caliber blood vessels 
down to 40 microns in size (10). Outside of treated areas, 
there is observed preservation of benign and cancerous 
untreated regions; a finding that has important implica- 
tions in postfocal therapy surveillance (9). 


E DELIVERY 


Techniques for VTP treatment of the prostate have been 
described as follows: the patient is placed in lithotomy 
position under general anesthesia followed by sterile 
preparation of the perineum and genitalia. Using trans- 
rectal ultrasound guidance and 2 dimensional template 
grid, similar to brachytherapy techniques, hollow trans- 
lucent catheters are then inserted into the prostate via the 
perineum (8,11, 12). Conformationally precise catheter 
placement is achieved with a predetermined, individual- 
ized template developed using MRI and treatment plan- 
ning software to achieve 5 x 5 mm catheter spacing within 
the gland (13). Cylindrical laser diffusing fibers are then 
passed into the translucent catheters at the appropriate 
predetermined depth. The photosensitizer is given as a sin- 
gle intravenous infusion over 10 minutes for WST-11 or 20 
minutes for WST-09. Immediately after completion of pho- 
tosensitizer infusion, illumination of all diffusion fibers at 
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753 nm is provided for 20 to 25 minutes. Monitoring of 
light dose near the rectum and urethra is achieved with 
separate light sensors placed in these locations. Following 
treatment the catheters and laser fibers are then removed 
and the procedure terminated, with a total time of 
approximately 2 hours including anesthesia (8,11, 12). 


=E CLINICAL TRIALS: SAFETY 
AND EFFICACY 


The developmental pathway of VTP treatment with WST-09 
and WST-11 into clinical use is perhaps the most robust 
and well studied of the current ablative therapies. These 
include rigorous preclinical testing to establish treatment 
parameters and associated tissue effects, beyond the scope 
of this review, and a series of well-designed clinical stud- 
ies, including a phase III trial. A brief overview of the 
phases of clinical development follows. 


Radiorecurrent Prostate Cancer and WSTO9 


The initial clinical studies of VTP in human prostate uti- 
lized WSTO9 in the postradiotherapy setting. The first 
phase I-dose-escalation study treated 24 men with WST09 
at doses of 0.1, 0.25, 0.5, 1, and 2 mg/kg. Patients were 
evaluated with contrast-MRI at 7 days postprocedure 
and prostate biopsy 6 months later (8). A second study of 
WST09-VTP in postradiotherapy patients looked at light 
dose escalation with fixed drug dosing at 2 mg/kg(12). 
These studies established several critical parameters 
for T-VTP administration and monitoring: (a) a 2 mg/kg 
threshold of TOOKAD® was required to reliably see treat- 
ment associated lesions on 1-week MRI(8), (b) a mini- 
mum of 23 J/cm? light delivery was required to achieve a 
6-month negative biopsy(12), (c) biopsy outcomes were 
heterogeneous even at optimal treatment parameters, (d) 
intraprostatic-thermal rise was negligible at these treat- 
ment parameters, also seen with TS-VTP in preclinical test- 
ing (14), and not monitored in further studies (8), and (e) skin 
phototoxicity was negligible, permitting same-day hospital 
discharge. Adverse events were reported as minor, the most 
common being intraoperative hypotension associated with 
the cremophor solubilizing carrier agent (8). There were 
two cases of rectourethral fistulae, one self-resolving and 
one managed with temporary diverting colostomy (12). 


Treatment-Naive Prostate Cancer and WSTO9 


T-VTP was first used in treatment naive prostate cancer 
in a single-center dose-escalation study based out of the 
UK (15). Per-fiber illumination parameters associated with 
consistent treatment effects were found at an illumination 
of 200 J/cm (interestingly, a non-maximal laser fluence). 
Total dosing was escalated to 3,800 J per lobe with addi- 
tional fibers, and higher doses had a greater likelihood of 
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negative biopsy. Several adverse events (AE) occurred dur- 
ing this trial, including deep venous thrombosis (1 patient), 
superficial venous thrombosis(2 patients), intraoperative 
ischemic EKG changes(1 patient), and one patient with 
both postprocedural myocardial infarction (MI) and cere- 
brovascular accident (CVA). These AEs were attributed to 
cremophor, and WST09 use was halted (15). 


Treatment-Naive Prostate Cancer and WST11 


The replacement of WST09 with WST11 lead to several 
exploratory and phase II studies performed in the United 
States and Europe, the largest to date being the European 
trial PCM203 (11). In this prospective, open-label trial, 
85 men with localized prostate cancer deemed suitable 
for active surveillance underwent either uni- or bilateral 
TS-VTP. They were assigned to 4 mg/kg or 6 mg/kg dosing 
(based on prostate volume), and illumination dose of 200 
or 300 J/cm. Follow up was conducted with contrast-MRI 
at 1 week postprocedure and biopsy 6 months later. AEs 
were recorded along with quality-of-life (QoL) question- 
naires, including International Prostate Symptom Score 
(IPSS) and International Index of Erectile Function-5 
(ITEF-5). Sixty-one of the 83 men who underwent biopsy 
at 6 months were negative for cancer (74%). Analysis of 
the subset deemed to have received optimal treatment 
parameters (4 mg/kg TS, 200 J/cm, and unilateral VTP), 
revealed 38/46 or 83% had negative prostate biopsy at 
6 months. Although 78% of patients had evidence of 
extraprostatic necrosis on 1-week MRI, none of these 
were associated with clinical sequelae. Overall, there 
were 5 serious adverse events related to the treatment: prosta- 
titis(2 patients), hematuria(1 patient), epididymo-orchi- 
tis(1 patient), prostatic stricture (1 patient), and 2 serious 
adverse events related to the drug—ischemic optic neurop- 
athy (1 patient) and inflammatory prostatic cyst (1 patient). 
An overall worsening of urinary symptoms was reported 
at 1-month post-VTP (as indicated by an increase of 
mean IPSS), but this improved to below baseline by 
3 months post-VTP. Mean IIEF-5 score decreased mod- 
estly from 19.7 at baseline to 15.3 at 6 months, indicating 
a decline in overall erectile function (11). In addition to the 
promising efficacy and mild side-effect profile, TS-VTP 
treatment effects were predictable and well correlated 
with imaging assessment of tissue treatment volumetric 
data. A subgroup analysis of patients from PCM203 and 
an earlier phase II study, PCM201, demonstrated a sat- 
isfactory correlation between total energy delivered and 
volume of necrosis on 1 week MRI (R2=0.78) (16). 

The promising results from the phase 2 program have 
led to the ongoing phase III trials of WST11. PCM301, 
a randomized trial comparing TS-VTP to active surveil- 
lance, has completed patient accrual with >400 patients at 
the time of writing and awaits assessment of the primary 
trial endpoint of treatment efficacy in controlling mea- 
sures of localized tumor growth and grade progression. 
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m FUTURE STEPS 


TS-VTP is capable of generating large or small regions of 
nonthermal tissue ablation with histologic analysis from 
animal studies demonstrating an intense inflammatory 
reaction isolated to treated areas (7). Further understand- 
ing of these secondary effects may prove important in 
further characterizing the mechanism of action and suit- 
ability of this treatment for other forms of malignancy. 
The oncologic benefit from PDT as a class of agents has 
long been established; in addition to local, acute control 
of the primary lesion, PDT has been known to confer 
improved survival over surgery alone(17), and has been 
shown anecdotally to generate spontaneous involution of 
metastatic lesions(18). Animal studies have highlighted 
the systemic antitumor protection conferred by VTP (7). 
Clinical trials capturing the immunologically mediated 
benefit of VTP on nonorgan-confined prostate cancer are 
expected in the near future as we await the results of treat- 
ment outcomes from accrued phase II trials in localized 
low-risk disease. 
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E MECHANISM OF ACTION 


Lasers have been widely utilized in the management of 
benign prostatic hypertrophy for their safety and precision 
of energy delivery (1). With these principles in mind, laser 
ablation of prostate cancer has become an area of interest (2). 
Several terms in the literature refer to the process of laser- 
based prostate cancer ablation: focal laser ablation (FLA), 
laser interstitial photocoagulation, photo-thermal therapy, 
or laser interstitial tumor therapy (2). FLA has three inher- 
ent qualities: (a) it is focal—FLA can be targeted using 
fiberoptics to create discreet lesions within tissues and 
organs including those that may be visualized on MRI, (b) 
it requires real-time MR thermographic imaging in order 
to create a large enough lesion while avoiding damage to 
surrounding organs, and (c) it utilizes a thermal based 
mechanism for tissue ablation(3). The first two topics 
will be addressed in the “Delivery” section of this chap- 
ter, while the third is discussed here. Briefly, when radiant 
energy (emitted by a surgically placed laser) is absorbed 
by tissue chromophores, rapid heating occurs along with 
subsequent tissue damage (2,4). When heated to tempera- 
tures above 60°C, instantaneous tissue coagulation occurs 
(5-7). At supraphysiologic temperatures below 60°C, lon- 
ger heating periods are required to cause cellular dam- 
age. The intrinsic lytic enzymes of cells heated to these 
temperatures become denatured and complete histologic 
effects are not seen until 48 to 72 hours after treatment, 
when digestion by inflammatory cells occurs (8). FLA gen- 
erally results in a combination of these two types of ther- 
mal effects, with delayed tissue damage occurring at the 
periphery of lesions(8). For this reason, thermal damage 
planning and preoperative modeling have become key ele- 
ments of this therapy (9). 


Laser Ablative Techniques 
for Prostate Cancer 


E DELIVERY 


A number of unique systems have been employed in 
clinical studies to date, but there are unifying features 
throughout (2,10-16). Qualifying patients generally 
have a solitary focus of disease (detected on transrectal 
ultrasound-guided prostate biopsy [TRUSBx]), and a 
clearly identifiable corresponding lesion on multipara- 
metric prostate MRI(16). Patients are administered anes- 
thesia and placed in the dorsal lithotomy position. Using 
a brachytherapy type grid and open-ended obturators, 
between 1 and 3 lasers are placed transperineally into the 
target lesion(2). Initial laser placement and subsequent 
ablation are conducted under image guidance. In several 
studies, MRI is used in real time (12,14, 16). Other stud- 
ies use 3-dimensional (3D) contrast-enhanced ultrasound 
(CEUS) with an onlay of preoperative MRI images (10, 11). 
Given the poor resolution of CEUS in delineating and 
localizing tumors relative to MRI, when using CEUS the 
ablation zone is intentionally overestimated (11). Using 
either a 805 nm (Diomed diode laser) (2), 830 nm (Indigo 
diode laser) (10,11), or 980 nm (Visualase diode laser) (12,15), 
the prostate is heated and the lesion created. Ablation is 
terminated when a target temperature and affected vol- 
ume has been created based on either fluoroptic tempera- 
ture probe feedback (10) or real-time MRI thermometry (15). 
Between 2880 and 5900 J are delivered to the prostate 
over 500 to 700 s(11,13, 17). Following treatment, the 
lasers are removed and the procedure terminated. 


m CLINICAL TRIALS 


The use of FLA in prostate cancer ablation was first 
reported by Amin et al. in 1993 (18). They performed FLA 
in one 65-year-old male with a focal recurrence following 
external beam radiation. Under TRUS and CT guidance, 
three laser fibers were inserted transperineally through 
18-gauge needles. An 805 nm diode laser was activated 
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at 2W for 500 s, developing a gradually enlarging echo- 
genic zone. Ten days postprocedure, biopsy revealed per- 
sistent tumor in the anterior zone, and the procedure was 
repeated. The patient tolerated the procedure without seri- 
ous adverse events (18). 

Since the initial experience, several small-scale stud- 
ies have been conducted, none enrolling more than 12 
patients (2). In 2009, Linder et al.(11) reported on the 
treatment of 12 men with biopsy-proven, low-risk pros- 
tate cancer with FLA. Patients were between 51 and 62 
years old, had clinical stage T1c, and a mean PSA of 5.7 
ng/mL. While in lithotomy position under general anes- 
thesia, 1 or 2 Indigo Optima® laser fibers were inserted 
under real-time guidance of 3D CEUS with MRI based 
fusion images. MRI was not used in real time. Fluoroptic 
temperature probes were placed at the expected ablation 
boundaries to ensure a temperature >55°C. Patients were 
followed with 7 day posttreatment MRI and CEUS, 3- to 
6-month posttreatment biopsy, and serial International 
Prostate Symptom Score (I-PSS) and International Index 
of Erectile Function (IIEF-5) assessments (11). Despite an 
ablated lesion size on average 12 times larger than the 
tumor, there was only an approximate 53% overlap in 
pretreatment and posttreatment MRI. In follow-up, six 
patients had negative biopsies, two patients had disease 
in the lobe contralateral to FLA, and four had disease on 
the side of ablation. Poor correlation between image guid- 
ance and actual therapy was considered a main barrier 
to efficacy in these cases. All patients maintained similar 
IPSS and HEF-S scores prior to and following therapy (11). 
In a follow up study by the same group, four men received 
FLA one week prior to radical prostatectomy (13). Patients 
underwent MRI one week following FLA, on the day on 
their surgery. Correlation between the ablated region on 
MR-imaging and H&E was considered good, Pearson 
correlation r = 0.79, indicating that post-FLA imaging 
was a reasonably accurate indicator of localizing histo- 
logic effects (13). 

In 2010 to 2011, several studies enrolling one to four 
patients using the Visualase diode laser (980 nm) were 
reported (12-15). Raz et al.(12) used MRI-guided fiber 
placement and real-time MR thermometry (Visualase 
system) to perform FLA in two patients. There were no 
major adverse events reported and 2-week posttreatment 
MRI showed no damage to the rectum or neurovascular 
bundles. Histopathologic posttreatment data was not pro- 
vided (12). The same team subsequently described a case 
of robotic MRI-guided FLA in one patient (14). 

In the most recent clinical report of FLA, Oto et al. 
treated nine patients, 52 to 77 years of age, with low- or 
intermediate-risk prostate cancer (16). Using the Visualase 
system, the authors performed FLA under real-time MRI 
imaging and MR thermal imaging. There were no imme- 
diate complications, and the procedure was performed 
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under conscious sedation over a 2.5- to 4-hour period. 
Average urinary and sexual function scores were not 
significantly changed from baseline at 1, 3, or 6 months 
postprocedure(16). At 6 month postoperative biopsy, 
seven patients had no cancer detected, and two patients 
(22%) had Gleason 3+3 disease. Retrospective review of 
these patients revealed incomplete coverage of the lesion 
site by the surgical ablation zone (16). There are currently 
two additional phase I/II clinical trials of FLA recruit- 
ing patients, NCT01377753 and NCT01094665, with no 
results yet reported. 


E FUTURE STEPS 


While promising, FLA is still an exploratory technology 
for prostate cancer management that takes advantage of 
advanced MR imaging techniques for therapeutic target- 
ing of discreet tumors within the gland. Larger clinical 
trials are necessary to validate its treatment outcomes in 
regard to thermal toxicity relative to increasing volumes of 
treated tissue that would be needed for larger tumors and 
cancers located close to critical structures. As discordance 
between preoperative planning and actual treatment zone 
appear responsible for most treatment failures, optimi- 
zation of these technologies is also of critical interest in 
future development. 
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E MECHANISM OF ACTION 


Within the past decade, irreversible electroporation (IRE) 
has emerged as a new tissue ablation technology. IRE is 
the application of nonthermal pulsed electrical fields to 
an organ/tumor of interest, resulting in irreversible cel- 
lular damage (1). Pulsed electrical fields cause nanoscale 
pores to develop on the cellular membrane (1). Specifically, 
charging of the plasma membrane results in destabiliza- 
tion; aqueous fingers then span the membrane and become 
lined by phospholipid head groups resulting in hydrophilic 
pores (2,3). Following removal of the electrical stimulus, 
small pores reseal, whereas large pores persist, resulting in 
cell death (1). The aforementioned phenomenon marks the 
difference between reversible electroporation, commonly 
used for the introduction of genetic material and chemo- 
therapeutics into cells, and irreversible electroporation, 
discussed in this chapter (4). The downstream pathways 
by which these critically large pores activate cell death 
have not been fully elucidated. Histopathologic analysis 
following IRE has appeared predominantly apoptotic in 
some studies (5) and mostly necrotic in others (6). 

IRE as surgical ablative modality was first proposed by 
Davalos, Mir, and Rubinsky in 2005 (7). Using mathemat- 
ical modeling, they demonstrated that it was possible to 
destroy clinically relevant tissue volumes using surgically 
placed electrodes. Furthermore, this could be done with- 
out detrimental thermal effects (7). Their critical hypoth- 
esis was that the nonthermal mechanism of IRE would 
lead to unique advantages over existing thermal ablative 
modalities (for instance, cryotherapy) (7). This hypoth- 
esis has been confirmed in subsequent animal and clini- 
cal studies, with several of the following findings. Lack 
of heat-sink effect tumoricidal efficacy near large arteries 
and veins may be dampened when using thermal-based 
mechanisms; IRE, on the other hand, appears unaltered 


Irreversible Electroporation 
(IRE) Prostate Ablation 


by this phenomenon (8, 9). With preservation of the “tissue 
scaffold” by affecting only living cells, IRE leaves behind 
organ structural elements. This preservation enables rapid 
regeneration of functional tissues(10), permits nerve 
re-growth along intact myelin sheaths(11,12), and pre- 
serves patency of vessels (13). Additionally, IRE creates a 
sharply demarcated region of treatment effect (8), permit- 
ting treatment of tumors abutting vital structures. Given 
its delicate anatomic relationship to erectile, bowel, and 
bladder function, the prostate may receive unique benefit 
from IRE-based ablation. This benefit is the impetus for 
ongoing investigations. 

There is mixed evidence regarding whether or not IRE 
elicits a strong immunologic reaction. Al-Sakere et al saw 
negligible infiltration of immune cells following IRE abla- 
tion in a mouse sarcoma model (14), whereas Onik et al. 
found a marked reaction in the lymph nodes draining a 
canine prostate following IRE(15). Use of immune reac- 
tivity for systemic anti-tumorigenic potentiation is a target 
of future IRE research. 


E DELIVERY 


IRE ablation of the prostate has yet to be carried out on a large 
clinical scale, but initial reports detail the procedure (16). 
Patients are placed in dorsal lithotomy position follow- 
ing induction of general anesthesia. Muscle paralysis is 
required to reduce the intense muscular contractions elic- 
ited by the intensity of the electrical stimulation on the 
pelvic musculature. In the method described by Onik et al, 
18 g IRE electrodes were placed by transperineal tem- 
plate grid technique using biplanar transrectal ultrasound 
(TRUS) guidance (16). Based on the results of a preproce- 
dural transperineal prostate-mapping biopsy, electrodes 
were oriented in a four-probe square array, centered on 
the cancerous lesion(16). Sets of 90 IRE pulses, 70 to 
100 microseconds in length, were delivered at 1500 V 
between two electrodes at a time, and repeated until all 
paired electrode combinations were utilized. The elec- 
trodes are then removed and the procedure terminated. 
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A Foley catheter is placed preprocedurally and removed 
between postoperative day 0 and 3. Patients are typically 
discharged from the hospital on the day of therapy (16). 

One consideration to IRE ablation of organs in prox- 
imity to the heart is the principle of cardiac synchroni- 
zation. In the first clinical experience with IRE, four 
instances of ventricular arrhythmias occurred in a group 
of eight patients(17). Ventricular dysrhythmias did not 
occur when pulses were delivered during the refractory 
phase of the cardiac cycle(17), and IRE systems now 
incorporate cardiac synchronization (18). Still, occa- 
sional supraventricular arrhythmias have been reported 
when using synchronized devices (17,19), and caution is 
advised in patients with known cardiac disease. The only 
commercially produced IRE system is the NanoKnife 
(AngioDynamics). The NanoKnife is currently FDA- 
approved for ablation of soft tissue. 


E IRE EXPERIENCE—PROSTATE 


Exploratory Studies—In Vitro and In Vivo 


As mentioned previously, the prostate is considered a 
meaningful target for IRE-based ablations due to the 
expected potency and continence preservation. Several 
preclinical studies have explored the treatment param- 
eters associated with IRE of various prostate and pros- 
tate cancer models. Rubinsky et al. applied IRE in vitro 
to prostate cancer cells, finding that sets of 90 pulses, 
100 microseconds in duration, at 250 V/cm would com- 
pletely ablate prostate cancer without collateral thermal 
damage (20). Neal et al. studied the effect of brachytherapy 
seeds on IRE field distribution and histologic damage in 
canine models (21). They found that brachytherapy seeds 
did not significantly alter ablations or electrical proper- 
ties, proposing the feasibility of salvage IRE in this setting(21). 
Using a mouse dorsal skinfold chamber implanted with 
human prostate cancer cells, Qin et al. measured the 
effects of IRE in a novel microvascular environment (22). 
Live tumor patches persisted following treatment, raising 
concerns that the electrical heterogeneity of tumors must 
be considered in future clinical applications (22). 

Onik et al. performed a trial of IRE in canine prostate 
using a clinically relevant delivery modality (15). Six male 
beagles had 18-gauge electrodes placed transperineally 
into the prostate under TRUS guidance. Each subject 
underwent prostate hemi-ablation (at varying settings), 
along with a safety component that involved direct abla- 
tion to nearby sensitive structures, either urethra, rectum, 
or neurovascular bundles(15). At 1 day postablation, 
lesions were sharply demarcated, grossly hemorrhagic, 
and contained no viable glandular elements. When subject 
to direct ablation, both the urethra and rectum appeared 
unaffected. Despite demonstrating necrotic endothelial 
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cells, the vessels of the neurovascular bundle remained 
patent and associated nerves appeared unaffected (15). 
At 2 weeks, hemorrhage had resolved and lesion volume 
reduced markedly in size (15). 


Clinical Trials 


The initial clinical experience with prostatic IRE ablation 
was described by Onik and Rubinsky in 2010 (16). Sixteen 
patients between the ages of 40 and 78 were treated using 
the procedure described earlier in this chapter. Seven 
patients had Gleason 6 disease, six had Gleason pattern 7, 
and three men had Gleason 8. Preprocedural prostate- 
specific antigen (PSA) ranged from 2.2 to 7 ng/mL. They 
were administered 6 sets of 90 IRE pulses, each 70-100 
microseconds in length, at 1500 V. Intraoperative TRUS 
showed immediate mixed echogenicity in the treated areas. 
All patients had preserved continence. In two patients with 
bilateral ablations, there was a 6-month delay in return of 
potency; all other potent patients remained potent imme- 
diately following the procedure (16). One patient refused 
postoperative biopsy, but all other men underwent sam- 
pling known cancerous area. There was no residual cancer 
within any of the ablation zones. One patient had residual 
cancer on biopsy, but this was beyond the region of treat- 
ment effect. Histologic analysis showed no residual viable 
glandular elements in the treated areas. Interestingly, nerve 
bundles and vascular structures remained intact (16). 

Another early experience with prostate IRE was 
reported by Dickinson et al. (23). Fifteen men between the 
ages of 48 and 73 received focal IRE therapy, nine as a 
primary treatment and six in the salvage setting. Of the 
six salvage patients, four had primarily been treated with 
HIFU and two with EBRT. Similar to the Onik series, 
patients had a range of low-, intermediate-, and high-risk 
disease (7%, 80%, and 13%, respectively). On multipa- 
rametric MRI, mean lesion size was 0.84 cc and mean 
ablative volume 10 cc. There were no intraoperative com- 
plications or serious adverse events. Mean PSA nadir was 
3.3 from a preoperative of 5.9 ng/mL. All patients main- 
tained potency and continence. No follow-up biopsy data 
was reported (23). 

While these reports show promising safety and effi- 
cacy profiles, systematic, randomized trials are clearly 
needed. Several future and ongoing studies are registered 
with the National Institutes of Health. In NCT01790451, 
16 men will undergo IRE 1 month prior to prostatectomy. 
Efficacy will be assessed from serial MRI and prostatec- 
tomy specimens. The other, NCT01726894, aims to assess 
the use of MRI in characterizing the IRE lesions, with an 
approximate 20 patient accrual. NCT01835977, which is 
not yet enrolling, is a multi-center trial that will random- 
ize approximately 200 patients with unilateral Gleason 
3+3 or Gleason 3+4 disease to either prostate hemi- 
ablation or whole-gland ablation. 
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m FUTURE STEPS 


The clear and immediate next step for the advancement of 
IRE in prostate cancer therapy is to establish the treatment 
parameters defining the boundaries of safety and toxicity 
associated with prostate treatment as a step toward trials of 
treatment efficacy in the settings of primary therapy or for 
salvage in previously treated patients. Large, multicenter 
randomized phase III studies may then be able to help 
define the benefits that this therapy may provide as a criti- 
cal new tool in the management of this complex disease. 
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E INTRODUCTION 


Radical prostatectomy (RP) offers excellent long-term 
prostate cancer control (1). Although no consensus has 
been reached regarding an absolute survival advantage 
associated with RP versus watchful waiting, a ran- 
domized study of 695 Scandinavian men demonstrated 
a survival benefit with RP even with low-risk cancers 
if the men were less than 65 years old(2). Recent data 
extracted from the Cancer of the Prostate Strategic 
Urological Research Endeavor (CaPSURE) database 
indicated that RP accounts for the treatment choice 
in approximately 50% of newly diagnosed clinically 
localized prostate cancer (3). Although the number of 
men undergoing prostate cancer screening and subse- 
quent treatment may decrease in the wake of the recent 
scrutiny of prostate cancer screening, the proportion 
of newly diagnosed men who elect to undergo a RP 
will likely remain relatively high. In order to improve 
patient counseling and postoperative expectations, cli- 
nicians who treat men with prostate cancer should be 
well versed in the potential quality of life (QoL) changes 
associated with RP. 

Assessment of treatment-related morbidity has become 
an increasingly important topic in clinical research and is 
a particularly relevant focus as the urologic community 
is criticized for the treatment of indolent prostate can- 
cer. Historically, studies investigating QoL after RP have 
lacked validated metrics and baseline functional assess- 
ments from which to draw postoperative comparisons. 
The use of validated QoL metrics is of paramount impor- 
tance, since urologists have been shown to consistently 
underestimate impairment in QoL domains after prostate 
cancer treatment (4,5). Despite the absence of robust QoL 
studies, the functional changes after RP are well described 
in the literature. 


Quality of Life With Surgery 


m@ ERECTILE DYSFUNCTION 


Sexual function is the QoL domain most commonly 
impaired after RP(6,7). Postoperative sexual function 
depends on several factors, including age, preoperative 
erectile function, and degree of nerve sparing. Nerve 
sparing RP was first described by Walsh and Donker in 
1982 (8). Since the importance of neurovascular bundle 
preservation was recognized, the technique of nerve spar- 
ing has been refined and is now the preferred dissection 
method for potent patients with locally confined pros- 
tate cancer. Despite refinement of surgical technique, 
the reported rates of postoperative potency rates vary 
largely from 31% to 86% for men with localized disease 
undergoing bilateral nerve sparing RP (9). The significant 
discrepancy in postoperative potency rates is due to vari- 
able definitions of potency, various metrics for reporting 
potency and heterogeneous patient populations. While 
data from high-volume RP centers has reported potency 
rates of 78% to 86%, data from a community based study 
reported a potency rate of only 44% (10, 12). Although the 
majority of men who achieve postoperative erectile func- 
tion do so in the first 6 months, a smaller number of men 
may experience improvement in erectile function up to 
4 years following RP (13). 

Management options for erectile dysfunction (ED) fol- 
lowing RP include oral phosphodiesterase-5 (PDE-S) 
inhibitors, vacuum-assisted erection devices, intraurethral 
alprostadil, penile injection therapy (prostaglandin E1, 
papaverine, phentolamine), and insertion of a penile pros- 
thesis. Oral pharmacologic therapy should be the first line 
treatment, followed by more invasive treatment modali- 
ties. Although men prefer noninvasive treatments to 
address postoperative ED, invasive treatments in the form 
of injection therapy and penile implants are associated 
with higher efficacy rates (14). 

Penile rehabilitation regimens have been developed 
to speed the return of erectile function and to reduce 
the rates of postoperative ED. Treatment regimens are 
highly variable but typically include either isolated oral 
pharmacotherapy or a combination of PDE-S inhibitors, 
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vacuum-assisted devices, intraurethral suppositories, and 
injection therapy. While earlier regimens employed regu- 
lar use of PDE-5 inhibitors, more recent data suggests 
that on-demand dosing may provide similar efficacy. In a 
randomized, double blind trial of 628 men who underwent 
bilateral nerve sparing RP, there was no significant differ- 
ence in sexual function between men who took nightly 
vardenafil versus men who took vardenafil on demand 
for 9 months(15). Both treatment groups demonstrated 
superior erectile function rates compared to a placebo 
group. Implementation of penile rehabilitation regimens 
has become widespread. A survey of International Society 
of Sexual Medicine members indicated that 87% utilized 
penile rehabilitation, with oral PDE-S inhibitors being the 
most common treatment modality (16). 

As the most common impairment in QoL follow- 
ing RP, ED should be a primary focus of the preopera- 
tive counseling session when patients are considering 
RP. The physician should provide a realistic expecta- 
tion of postoperative ED and outline treatment options 
to facilitate the return of erectile function to allow for 
informed medical decision making on the part of the 
patient. Similar to oncologic parameters following RP, 
a nomogram has been developed as a counseling tool 
to help physicians provide an individualized prediction 
of postoperative erectile function based on preoperative 
characteristics (17). 


E URINARY INCONTINENCE 


Postprostatectomy urinary incontinence (PPUI) largely 
refers to stress urinary incontinence (SUI) due to intrin- 
sic sphincter deficiency, with a minority of men expe- 
riencing de novo urgency urinary incontinence (UUI) 
or mixed urinary incontinence after RP. Regardless of 
the mechanism of UI, studies have demonstrated that 
UI following RP has a negative impact on QoL (18,19). 
Similar to postoperative potency rates, PPUI rates vary 
considerably due to the lack of a standard definition of 
UI and heterogeneous patient populations. A stringent 
definition of postprostatectomy continence does not even 
allow for use of a safety pad, which is in line with evi- 
dence that any degree of pad usage is associated with 
significantly greater patient bother than no pad utiliza- 
tion (20). Postprostatectomy continence also improves 
over time and the rates of PPUI depend on the interval 
from RP. A number of single surgeon series have reported 
continence rates in excess of 90%, while other multi- 
institutional series have reported rates in the range of 
66% to 72% (12, 21-23). 

Although the majority of men who experience some 
degree of postoperative UI will not seek treatment, 
there are available options for motivated patients who 
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are significantly bothered by their PPUI. Studies indicate 
that between 8% and 20% of men who undergo an 
RP will ultimately undergo treatment for PPUI(19, 24,25). 
Since postprostatectomy continence can significantly 
improve within the first year following RP, conservative 
management in the form of pelvic floor muscle training 
is an appropriate first line therapy. The management of 
postprostatectomy UUI would mimic overactive bladder 
guidelines, including behavioral modification followed by 
antimuscarinic therapy (26). 

If bothersome SUI persists, then more invasive treat- 
ment modalities are warranted to improve QoL. Urethral 
bulking agents offer a minimally invasive endoscopic treat- 
ment option but success rates have been cited as low as 
20% (27). Male slings have gained popularity since 1998, 
when Schaeffer et al. reported a 75% success rate with a 
male sling at 16 months(28). Although male slings have 
been widely adopted as a minimally invasive technique 
for treating PPUI, the artificial urinary sphincter (AUS) 
remains the gold standard. In a long-term retrospective 
series of 124 consecutive men undergoing AUS implanta- 
tion, 27% of men were able to stop wearing pads and 52% 
used 1 pad per day (29). 


E ROBOTIC-ASSISTED RADICAL 
PROSTATECTOMY (RARP) 
VERSUS RETROPUBIC RADICAL 
PROSTATECTOMY (RRP) 


RARP, first introduced in 2001, has been both widely 
adopted by urologists and embraced by patients seeking 
improved perioperative and postoperative outcomes (30). 
Comparison of functional outcomes after RARP and 
RRP is hindered by a lack of randomized surgical series 
or well-designed prospective cohort studies. Despite these 
limitations, there is convincing evidence that RARP is 
associated with superior postoperative erectile func- 
tion compared to RRP. A number of prospective single- 
institution studies have demonstrated higher potency 
rates and shorter times to potency following RARP, and 
one systematic review reported mean potency rates at 
12 months of 79% and 92% for RRP and RARP, respec- 
tively (31-33). In contrast to the favorable data regarding 
erectile function after RARP, studies focusing on return 
of continence have reported more variable outcomes 
regarding a durable advantage for RARP over RRP. 
A single institution study from a high volume prostate 
cancer center demonstrated no significant difference in 
continence rates at 12 months between RARP and RRP 
(92% vs. 94%, P = .34)(34). However, a recent meta- 
analysis comparing postoperative continence rates found 
that men undergoing RARP were more likely to achieve 
urinary continence at 12 months than men undergoing 
RRP (OR 1.53, P = .03) (35). 
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CONCLUSION 


RP is a mainstay of treatment for localized prostate cancer; 
however, excellent cancer control may be achieved at the 
expense of adverse QoL outcomes. A thorough discussion 
of health related QoL factors, such as postoperative 
ED and PPUI, should be included in the preoperative 
treatment planning. In order to facilitate a balanced dis- 
cussion, physicians offering RP as a treatment modality 
should be well versed in the potential impact on QoL. 
Finally, future research studies should continue to focus 
on QoL parameters following RP using validated instru- 
ments and comparing the impact on QoL associated with 
various prostate cancer treatments. 
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E INTRODUCTION 


Androgen deprivation therapy (ADT) is most commonly 
utilized as first-line treatment for symptomatic metastatic 
prostate cancer, as neoadjuvant therapy combined with 
radiation therapy, and for biochemical relapse after sur- 
gery or radiation(1). Historically, approximately 40% of 
patients diagnosed with prostate cancer will receive ADT 
within 6 months of diagnosis and nearly 50% of treated 
prostate cancer patients receive ADT at some point in their 
disease course (2,3). These trends have led to increasing 
numbers of patients treated with ADT for disease manage- 
ment over longer periods of time. ADT is associated with 
a number of physical side-effects, including hot flashes, 
decreased libido, fatigue, decreased bone and muscle 
mass, increased total body fat content, possible harm- 
ful metabolic and cardiovascular effects, and cognitive 
defects. The constellation of these side effects associated 
with castrate levels of testosterone, termed the “androgen 
deprivation syndrome,” may have profound effects on 
physical, sexual, and social functioning resulting in a dra- 
matic impact on overall quality of life (QoL) (4). 

QoL is a broad term that reflects a patient’s overall 
subjective assessment of emotional and physical well- 
being. ADT may contribute to psychological distress on 
the partners of prostate cancer patients. QoL is, for many 
men, just as important as survival. QoL concerns are 
often a fundamental factor in prostate cancer treatment 
decision making. 


E HOT FLASHES 


Hot flashes are among the most common and early 
described side effects of ADT. They are characterized by 
the sensation of intense warmth and subsequent cooling, 
flushing of the skin, perspiration, and chills which 
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typically involve the neck and face. Associated symp- 
toms may include anxiety and palpitations. Hot flashes 
are believed to be caused by peripheral vasodilation 
resulting from inappropriate stimulation of thermoregula- 
tory centers in the hypothalamus (5). The severity of these 
symptoms range from mild to pervasive, but may result 
in a significant effect on daily functioning and QoL (6). 
The incidence of hot flashes, which approaches 15% in 
uncastrated men, is reported in 80% in men treated with 
ADT (7). The significance of hot flashes is not only physi- 
cal, but may be psychological as well, and may be a sig- 
nificant source of distress in prostate cancer patients. 


E SEXUAL DYSFUNCTION 


Castrate levels of testosterone can result in changes in 
both sexual desire (libido) and erectile function. The 
overwhelming majority of men under ADT will develop 
some degree of erectile dysfunction due to the lack of 
androgens. The Prostate Cancer Outcomes Study found 
that 80% of the men who were potent before ADT treat- 
ment lost their potency after treatment(8). Age greater 
than 70 and the presence of diabetes mellitus are the 
two most important predictive factors for ED following 
ADT(9). Sexual dysfunction can negatively impact the 
self-esteem, self-perception, and QoL of younger, sexually 
active men who may also experience ADT-related changes 
in body fat and muscle distribution (10). 


m CHANGES IN BODY COMPOSITION 


ADT may negatively impact on psychosocial well-being 
by causing feminization, characterized by decreased 
muscle mass, weight gain, altered fat distribution in a 
postmenopausal female pattern, and body hair loss. 
Gynecomastia is strongly associated with negative body 
image perception (11,12). Men with gynecomastia may 
employ coping techniques characterized by disguise and 
avoidance strategies resulting in social isolation (13, 14). 
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Diminished testicular volume and the loss of penile length 
related to ADT can diminish sexual self-esteem (15, 16). 
Efforts to educate patients and their partners about treat- 
ment side effects and coping strategies should be employed 
in patients undergoing ADT. 


E SKELETAL MORBIDITY 


Bone maintenance is an androgen-mediated processes. 
Approximately one-third of prostate cancer patients have 
a pre-existing low bone mineral density (BMD) before 
starting ADT (17,18). ADT accelerates bone loss and low 
BMD is strongly associated with an increased risk of frac- 
ture. Once ADT has been initiated, the risk of hip fracture 
increases progressively from the first year, reaching a 
relative risk of 4% in those patients who have received 
ADT for more than 5 years(18). The risk of bone fracture 
cumulatively increases with the duration of ADT start- 
ing from 5% at 5 years after the initiation of ADT and 
reaching nearly 20% by 10 years after the initiation of 
ADT (19, 20). 

Other factors may account for the high fracture rates 
in men receiving ADT androgen deprivation includ- 
ing increased fall risk due to metastatic disease and to 
treatment-related frailty. While the relative contributions 
of these factors have not been adequately characterized, 
treatment-related changes in BMD remain after adjust- 
ment for known confounders and appear sufficient to 
explain the increase in fracture risk in men with prostate 
cancer. 


E METABOLIC SYNDROME AND 
CARDIOVASCULAR MORBIDITY 


Obesity, insulin resistance, and increased triglycerides 
are common ADT-related metabolic changes that overlap 
with features of the metabolic syndrome (21). This syn- 
drome is clearly associated with an increased risk of death 
as a result of myocardial infarction, even in the absence 
of recognized known cardiovascular disease or diabetes 
mellitus (22). 

A high frequency of cardiovascular disease has been 
observed in men treated with ADT. The use of ADT is 
associated with earlier onset of fatal myocardial infarc- 
tions in men aged 65 years or older who are treated for 
6 months when compared with men who are not treated 
with ADT (23). The association between ADT and cardio- 
vascular morbidity is hypothesized to be mediated through 
changes in lipoproteins, arterial stiffness, and QT interval 
prolongation (24-26). The decision as to whether or not 
to initiate ADT in patients with cardiac disease should be 
weighed against any possible risks. 
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m PSYCHOLOGICAL AND COGNITIVE 
EFFECTS 


ADT has been associated with changes in mood, cognitive 
function, and self-esteem while also negatively effect- 
ing memory and attention(27). Cognitive side effects 
are apparent almost immediately, as shown in a recent 
3-month neoadjuvant trial and appear to be reversible after 
completing treatment; however, sometimes the effects are 
only partly reversible at 1 year (28). There is evidence of an 
increased occurrence of anxiety, depression, diminished 
body image perception, and sleep disturbances in prostate 
cancer patients undergoing adjuvant AD (29). The rela- 
tionship between androgen deprivation and depression is 
supported by studies in hypogonadal men without pros- 
tate cancer. Low testosterone is associated with depression 
and testosterone replacement appears to reduce depressive 
symptoms in these patients. 


E IMPACT ON INTIMACY 


Prostate cancer may result in significant relationship 
distress that is compounded by side effects of ADT. 
Partners of prostate cancer patients may experience more 
distress than those affected (30). Couples may utilize con- 
flicting coping methods leading to isolation of either or 
both partners(31). Some partners may experience less 
attraction to their partner on ADT and some ADT-treated 
men may doubt their own attractiveness (32). Clinicians 
working with men diagnosed with prostate cancer should 
understand how side effects impact on both partners. Some 
couples may find it beneficial to seek professional counsel- 
ing to assist with coping with relationship distress related 
to prostate cancer and treatment-related side effects. 


E IMPACT OF ADT ON HEALTH-RELATED 
QUALITY OF LIFE 


Health-related quality of life (HRQoL) is a patient 
reported outcome measure that uses evaluations of the 
patient’s physical, psychological, and social functioning 
to measure the patient’s overall perception of his disease 
and its treatment (33). It is now widely accepted that the 
impact of ADT on HRQoL should be an important part of 
the clinical decision-making process. 

The utilization of ADT has significant HRQoL impli- 
cations in men with prostate cancer. ADT is associated 
with numerous declines in objective measures of physical 
function as well as in the physical function, role-physical, 
bodily pain, and vitality domains (34). A longitudinal 
study of subjects in the Cancer of the Prostate Strategic 
Urologic Research Endeavor (CaPSURE) registry found 
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worse physical well-being in patients receiving ADT. ADT 
was associated with worse physical well-being compared 
with local treatment at all time-points, even when cor- 
rected for age, comorbid conditions, and clinical presenta- 
tion (35). A number of studies have demonstrated declines 
in both general HRQoL and prostate cancer-specific 
HRQOoL associated with the initiation of ADT (36-38). 
There appears to be no difference in HRQoL outcomes 
between patients who undergo medical versus surgical 
castration. 

Intermittent androgen deprivation therapy (IADT) 
may minimize the impact of ADT-related side effects, and, 
to a certain degree, their impact on patient QoL. IADT 
also has the potential to reduce the morbidity associated 
with long-term therapy (39). Several studies have demon- 
strated improvement in the sexual function domains of 
HRQoL instruments while off ADT therapy (40-42). In 
selected patients, IADT appears to be noninferior to con- 
tinuous ADT, minimizes the impact of ADT-related side 
effects, and limits potential toxicity. The decision to pur- 
sue IADT should depend on a number of factors includ- 
ing patient preference, extent of disease, and the degree of 
comorbidity associated with ADT. 


m CONCLUSION 


The potential benefits of any treatment for prostate 
cancer, including ADT, must outweigh its risks. This 
principle is particularly important given the expanded use 
of this therapy, which is sometimes prescribed for local- 
ized, asymptomatic prostate cancer. It is essential that 
the physician managing ADT possess a comprehensive 
understanding of the potential adverse effects of ADT 
and the impact that this treatment has on QoL. A shared 
decision-making process allows patients to deliberate and 
express their preferences and views regarding treatment 
options. 
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SAMEER CHOPRA 
FARHANG RABBANI 


E INTRODUCTION 


Since the advent of PSA screening, most patients with 
newly diagnosed prostate cancer have localized disease 
and are being diagnosed at a younger age(1). There are 
various definitive treatment options for localized pros- 
tate cancer, including radical prostatectomy, cryother- 
apy, radiofrequency ablation, high-intensity focused 
ultrasound, hormone therapy, and radiation therapy. The 
primary goal of treatment in these patients is to eradicate 
the cancer without future relapse (i.e., achieving complete 
cure). Secondary goals include minimizing risks of acute 
morbidities around the time of treatment and decreas- 
ing the number and severity of long-term side effects of 
the treatment course. External beam radiation therapy 
(EBRT) represents a reasonable nonoperative option for 
definitive treatment of localized prostate cancer. EBRT 
uses gamma beam radiation directed toward the prostate 
and surrounding tissues, targeting multiple fields of radia- 
tion delineated by initial anatomic mapping. Although 
there is no conclusive evidence that any radiation therapy 
is superior to the other available treatment options for 
early prostate cancer in terms of overall survival, it is clear 
that each of these therapies has a unique impact on qual- 
ity of life(2,3). A rational management decision for any 
individual patient requires assessment of the risk-benefit 
ratio. Accurate knowledge of the possible consequences of 
treatment, including the risk of lasting morbidity or nega- 
tive impact on quality of life, is integral to this decision- 
making process. 

A thorough review and understanding of the health- 
related quality of life (HRQoL) enables the physician and 
patient to have realistic expectations of outcome and is 
essential in the decision-making process. HRQoL is a 
patient-centered variable from the field of health services 
research that encompasses the wide range of human 
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experience, primarily including intrapersonal and inter- 
personal responses to illness(4). It involves patients’ 
own perceptions of their health and ability to function 
in life. HRQoL is measured using standardized question- 
naires, which collect patient-centric data and provide 
an objective assessment and perception of both generic 
and disease-specific domains. These questionnaires have 
been used to compare the effects of various treatments on 
quality of life. Four of the most commonly used HRQoL 
instruments include: the University of California, 
Los Angeles Prostate Cancer Index (UCLA PCI); the 
Expanded Prostate Cancer Index-Composite (EPIC); the 
European Organization for Research and Treatment of 
Cancer Core Quality of Life Questionnaire with its pros- 
tate cancer-specific module (EORTC QLQ-C30); and 
the Functional Assessment of Cancer Therapy-Prostate 
Instrument (FACT-P). 


m@ EFFECT OF EBRT ON URINARY 
SYMPTOMS 


Patient selection affects the risk of developing genitouri- 
nary symptoms. Pretreatment genitourinary complaints, 
prior transurethral resection of the prostate or of a 
bladder tumor, and the presence of acute genitourinary 
toxicity are suggested as contributing to urinary morbid- 
ity (5,6). Men undergoing EBRT may experience irrita- 
tive voiding symptoms that can negatively affect overall 
urinary function and HRQoL. Acute, short-term adverse 
urinary HRQolL effects are common during and in the few 
months after EBRT and can persist long-term in a small 
but significant proportion of treated patients. Fransson 
compared HRQoL in 120 men who underwent EBRT 
with 125 age matched control subjects 4 and 8 years after 
EBRT (7). Eight years after treatment, 54% of the patients 
and 31% of the control subjects reported urinary prob- 
lems. No significant changes were noted in either group 
between the 4th and 8th year assessments. Long-term 
treatment type-specific changes in quality of life domains 
were reported by Sanda et al.(8). Long-term total uri- 
nary incontinence and other severe urinary symptoms 
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(indicating a complication of Radiation Therapy Oncology 
Group grade >2) are rare (9, 10). 


mM ERECTILE DYSFUNCTION FOLLOWING 
RADIATION THERAPY 


The specific etiology of erectile dysfunction (ED) after 
radiation therapy is unclear but may be multifactorial in 
nature (11). Similar to patients undergoing RP, patient age, 
use of androgen-deprivation therapy (ADT), and baseline 
erectile function were identified as important predictors 
for post-treatment erectile function. In a recent study, 
Fransson et al. recently analyzed the 15-year follow-up 
of patient-reported sexual function and identified disease 
progression and the use of ADT as risk factors for worse 
sexual and erectile function(7). Mangar and colleagues 
examined the impact of different doses (64 or 74 Gy) 
of 3-dimensional conformal radiation therapy after 3 to 
6 months of ADT in 51 men(12). The authors reported 
that 12 men (23.5%) remained potent, 22 men (43.1%) 
had reduced potency, and 17 men (33.3%) were impotent 
at 2 years using the UCLA PCI and the FACT-P ques- 
tionnaires. Moreover, the authors found a dose-volume 
effect with respect to mean dose received by the penile 
bulb and ED, where a D90 >50 Gy is associated with a 
significant risk of ED. Similarly, another study noted 
actuarial potency rates of 96%, 75%, 59%, and 53% at 
1, 20, 40, and 60 months, respectively, after EBRT (13). 
Sexual dysfunction after EBRT appears to have a major 
effect on quality of life reported by patients. In a report 
of 432 EBRT patients identified using the Surveillance, 
Epidemiology, and End Results (SEER) database registry, 
37% reported that their sexual function was a “medium 
or big problem” (14). 


mM RECTAL TOXICITY FOLLOWING 
RADIATION THERAPY 


EBRT often results in bowel dysfunction that can affect 
HRQOoL. Assessment of bowel symptoms, including diar- 
rhea, rectal urgency, tenesmus, rectal bleeding, and others 
is also essential, especially for patients who undergo radia- 
tion therapy. Like urinary symptoms, bowel dysfunction 
may be highly disruptive in some men’s lives, and the 
time-course and severity of specific bowel symptoms may 
diverge. Established risk factors for acute and late toxici- 
ties after EBRT for prostate cancer include advanced age; 
larger rectal volume; a history of prior abdominal surgery; 
the concomitant use of androgen deprivation; and preex- 
isting diabetes mellitus, hemorrhoids, or inflammatory 
bowel disease (15). In addition, a diagnosis of acute rectal 
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toxicity is recognized to be associated with an increased 
risk of developing late rectal complications (16). Long-term 
results of 561 patients who were treated with up to 81 Gy 
IMRT between 1996 and 2001 at the Memorial Sloan- 
Kettering Cancer Center were reported by Zelefsky 
et al. (17). The authors reported a 1.6% rate of rectal bleed- 
ing and a 0.1% rate of National Cancer Institute Common 
Toxicity Criteria (NCI-CTC) grade 3 rectal toxicity after 
8 years of follow-up when using a fraction size of 1.8 Gy. 


E SUMMARY 


When discussing therapeutic options for prostate cancer, 
patients should be made aware of the potential effect of 
various treatments on HRQoL. Complications of exter- 
nal beam radiation can affect urinary, sexual, and bowel 
function. These effects can have a significant effect on a 
patient’s quality of life. As such, consideration of quality 
of life as an important factor in clinical decision making 
for prostate cancer would benefit patients in making more 
informed treatment choices. 
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E INTRODUCTION 


In the past few years, the health care community has 
placed more emphasis on patient-reported end points 
such as health-related quality of life (HRQoL). HRQoL 
in prostate cancer is an assessment of how an individu- 
al’s well-being may be affected over time by the disease 
or its treatment. Various acceptable treatment options 
exist for clinically localized prostate cancer includ- 
ing radical prostatectomy, external beam radiotherapy, 
and brachytherapy (1). Consideration of HRQoL after 
treatment is therefore essential since patients often base 
therapeutic decisions on the side effect profiles of differ- 
ent treatments. American Urological Association clinical 
guidelines call for structural and process of care mea- 
sures to improve the quality of care and facilitate better 
treatment decisions for patients diagnosed with prostate 
cancer (2). 


E HRQoL INSTRUMENTS 
AND PROSTATE CANCER 


HRQoL is a patient-centered variable and is measured 
using questionnaires which may be self-administered by 
the patient or by an objective third-party interviewer. 
HRQoL instruments typically contain questions orga- 
nized into scales. Each scale measures a different aspect 
or domain of HRQoL. 

Domains can be general, addressing aspects of HRQoL 
that are common to all patients regardless of their disease 
process, or disease specific. Disease-specific domains focus 
on the impact of particular organic dysfunctions associ- 
ated with the disease that may affect HRQoL. Prostate 
cancer-specific domains include areas such as bone pain; 
anxiety regarding cancer recurrence; urinary, sexual, and 
bowel dysfunction; and distress from these dysfunctions. 


Quality of Life With 
Brachytherapy for Low-Risk 
Localized Prostate Cancer 


Four of the most commonly used HRQoL instruments 
for brachytherapy include the European Organization 
for Research and Treatment of Cancer Core Quality of 
Life Questionnaire with its prostate cancer-specific mod- 
ule (EORTC QLQ-C30), the University of California, 
Los Angeles Prostate Cancer Index (UCLA PCI), the 
Expanded Prostate Cancer Index-Composite (EPIC), and 
the Functional Assessment of Cancer Therapy-Prostate 
Instrument (FACT-P) (3-6). 


E BRACHYTHERAPY AND GENERAL 
HRQoL 


A number of authors have reported on HRQoL after pros- 
tate cancer primary treatment with brachytherapy. Lee et 
al. prospectively measured HRQoL in 46 men before they 
underwent brachytherapy and then 1 and 3 months after 
treatment (7). The authors reported clinically and statis- 
tically significant decreases in HRQoL scores 1 month 
after treatment in the physical well-being, functional 
well-being, and prostate cancer-specific domains of the 
FACT-P. It was noted that this negative impact on qual- 
ity of life (QoL) was gone by the third month when mean 
scores in these domains had returned to baseline levels, 
although patients still experienced significant irritative 
voiding symptoms. 


E BRACHYTHERAPY AND ITS EFFECT 
ON URINARY FUNCTION 


Several authors have reported on the effect of brachytherapy 
on the urinary tract. In the Cancer of the Prostate Strategic 
Urological Research Endeavor (CaPSURE) population, 
mean urinary function scores were significantly more 
favorable in brachytherapy patients than in radical pros- 
tatectomy patients at all time points, but mean urinary 
bother scores were found to be almost equivalent between 
the two groups(8). This discrepancy may exist because 
patients tend to find irritative/obstructive symptoms 
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more bothersome than incontinence. In a single-center 
prospective study examining factors predicting severe 
urinary bother, higher American Urological Association 
Symptom Index (AUA-SI) score, a measure of irritiative/ 
obstructive symptoms, was an independent risk factor for 
worse urinary bother (OR 1.23, 95% CI 1.17-1.29) (9). 
Arterbery et al. evaluated the short-term complications of 
transperineal radioactive prostate seed implantation, and 
reported nocturia, frequency, dysuria, and hesitancy last- 
ing 12 to 24 weeks (10). In a follow-up study, Arterbery et 
al. used the validated European Organization for Research 
in Cancer Therapy QoL instrument to survey 51 patients 
6 months after seed implantation(11). The authors 
reported that 40% of patients reported some degree of 
urinary frequency and 17% had dysuria(11). Talcott et 
al. surveyed 72 men with a median of 5 years of follow- 
up after brachytherapy from a single institution using a 
validated HRQoL instrument (12). Forty-four percent of 
the patients reported urinary leakage of any amount, 13% 
reported more than a few drops of leakage, and 18% wore 
a pad for protection(12). Pretreatment factors that may 
influence the likelihood that a brachytherapy recipient 
will develop incontinence post-treatment include, but are 
not limited to, the use of neoadjuvant hormonal therapy 
and radiotherapy boost, preimplant IPSS >15, and ure- 
thral D,) dose (13, 14). 


E EFFECT OF BRACHYTHERAPY 
ON SEXUAL FUNCTION 


Several authors have reported on the effect of brachy- 
therapy on sexual domains. Pardo and colleagues evalu- 
ated in a prospective study the effect on QoL of localized 
prostate cancer interventions in 435 patients treated 
with radical prostatectomy, external-beam radiotherapy, 
or brachytherapy. QoL was assessed before and after 
treatment with the Short Form-36 and the EPIC(15). 
They reported that approximately 50% of brachytherapy 
subjects who had no problems with their sexual func- 
tion at baseline reported moderate or severe problems 3 
years after treatment. Chipman and the PROST-QA study 
group evaluated the responsiveness of EPIC for Clinical 
Practice in 1,201 subjects from a multicenter longitudi- 
nal cohort (16). The authors reported a statistically and 
clinically significant difference between baseline and 
post-treatment average EPIC-26 sexual function scores 
at every point measured. With potency defined as having 
an erection sufficient for intercourse, impotence rates 
increased from 36% pretreatment to 56% at 2 years post- 
treatment, with 30% of brachytherapy subjects reporting 
a moderate-to-severe problem with sexual function at 
2 years. These HRQoL changes were associated with dis- 
tress in the patients’ partners as well. 
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E BRACHYTHERAPY AND BOWEL 
FUNCTION 


The intimate relationship between the prostate and the 
rectum results in inevitable exposure of the rectum to 
radioactive dose during treatment with brachytherapy. 
Bowel function (or dysfunction) in this context includes 
rectal urgency, loose stools, crampy pelvic pain, and occa- 
sional rectal bleeding. Bowel bother refers to the degree 
of distress or annoyance caused by any impairments in 
bowel function. In the previously described PROST-QA 
study, brachytherapy subjects have statistically and clini- 
cally significant deficits in bowel function compared to 
baseline as measured by EPIC-26 at every assessed time 
point (13). Even at 2 years post-treatment, 8% of subjects 
considered their bowel symptoms to be a moderate-to- 
severe problem. Talcott et al. reported a 14% incidence in 
rectal urgency and a 6% incidence of rectal bleeding (12). 
Litwin and colleagues reviewed the CaPSURE database 
to study bowel function and bother in 1,584 men recently 
diagnosed with early stage prostate cancer and followed 
for 2 years after radical prostatectomy, external beam 
radiation, or brachytherapy (17). Principal outcomes were 
assessed with the UCLA PCI, a validated instrument that 
includes these two domains. Compared to patients treated 
with radical prostatectomy, patients treated with brachy- 
therapy experience significantly greater impairment in 
bowel function following treatment. Bowel function QoL 
tends to improve markedly during the first 3 months but 
does not reach a steady state until at least a year after 
therapy. By 2 years, patients who have had brachyther- 
apy appear to yield similar bowel function outcomes to 
external beam radiation therapy, but both are worse than 
that which occurs after surgery. Bowel bother or distress 
over bowel dysfunction is somewhat more impaired in 
men opting for brachytherapy than in those treated sur- 
gically. Within 3 months of treatment, patients treated 
with radical prostatectomy have rebounded and bother 
remains minimal. For those undergoing brachytherapy, 
significant gains are seen in the first 3 months but it takes 
at least a year to reach a steady state. The authors reported 
that the three tumor variables of PSA, Gleason score, and 
clinical stage did not consistently predict bowel outcomes, 
however, comorbidity was strongly associated with both 
bowel outcomes. 


E SUMMARY 


When discussing therapeutic options for prostate cancer, 
patients should be made aware of the potential effect of 
various treatments on HRQoL. Complications of brachy- 
therapy can affect urinary, sexual, and bowel function 
and are most pronounced in the first several years after 
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implantation. These effects can have a significant effect 
on a patient’s QoL. By including QoL as an important fac- 
tor in clinical decision making for prostate cancer, we can 
help our patients make more informed treatment choices. 
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Determining optimal management of prostate cancer (PC) 
continues to be a major focus of health policy debate. 
Given the widespread use of prostate-specific antigen 
(PSA) screening, the vast majority of PC cases are now 
diagnosed with localized disease. Although multiple treat- 
ment options exist for such patients—ranging from obser- 
vation with active surveillance (AS) or watchful waiting, 
to definitive treatment with surgery, brachytherapy, exter- 
nal beam therapy, or cryotherapy—little comparative 
outcomes data exist to help guide patient and clinician 
treatment decisions today. 

Although a randomized controlled clinical trial would 
provide the most robust method for comparing the relative 
effectiveness and harms of the different treatment strate- 
gies, efforts to do so have often failed due to difficulties 
with patient accrual and lengthy follow-up times neces- 
sary to achieve clinically relevant endpoints for PC. 

Recent emphasis has been placed on high-quality 
comparative effectiveness research (CER) to aid patients, 
health care provides, payers, and policy makers with 
timely and relevant information of the relative harms and 
benefits of the different PC treatment strategies. 

In this chapter, we will briefly define the scope and 
potential of CER and discuss its relevance to PC. We will 
highlight gaps in current evidence and address how CER 
can be used to complement existing data. We will further 
review the tools available for performing CER and discuss 
relative merit and limitation of each strategy. 


E COMPARATIVE EFFECTIVENESS 
RESEARCH: BACKGROUND 


CER aims to provide clinicians, patients, payers, and 
policy makers with reliable, relevant, and high-quality 
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evidence to make informed decisions regarding the preven- 
tion, diagnosis, treatment, monitoring, or improvement of 
health care (1). Simply put, the intent of CER is to pro- 
vide clinicians and patients with the necessary resources 
to make individualized, educated decisions based on evi- 
dence regarding the benefits and harms of the various 
treatment options. As described by Sox(2) in his analy- 
sis of the 2009 Institute of Medicine (IOM) definition of 
CER, CER incorporates several core aims:(1) generation 
of primary research;(2) systematic review of previously 
completed research; (3) head-to-head comparison of avail- 
able methods; and(4) a focus on guiding clinicians and 
patients to select and effectively apply the available evi- 
dence to make informed decisions. Each portion of this 
dynamic process qualifies as CER, and the range of meth- 
odologies and topics is broad. The robust integration of 
all these steps is necessary for the formation of reliable, 
relatable recommendations and decision-making support, 
which is the overarching aim of CER. 

Attention to CER and patient-centered outcomes 
research has increased immensely over the past sev- 
eral years, related in part to recent steps to reform the 
U.S. health care system. The American Recovery and 
Reinvestment Act of 2009 instituted $1.1 billion in funding 
for CER, using a broad basis for funding qualification (3). 
Recognizing needs for standards in CER methodology 
and for a large-scale funding policy, the U.S. Department 
of Health and Human Services (DHHS) and the Patient 
Protection and Affordable Care Act of 2010 established 
the nonprofit Patient-Centered Outcomes Research 
Institute (PCORI) to guide, contract, and disseminate 
CER research(4). Given its mission and its governmental 
support, PCORI is emerging as a leading organization for 
CER in the United States, with the ability to provide leader- 
ship and structure to CER efforts by setting guidelines for 
methodology and decisions regarding funding priorities. 
As of May 7, 2013, PCORI had dispersed $129.3 million 
to fund CER (5). 

The DHHS definition of CER states that “the purpose 
of [CER] is to provide information that helps clinicians and 
patients choose which option best fits an individual patient’s 
needs and preference” (6). At a glance, definitions such as 
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this may suggest that CER is hardly different from tradi- 
tional evidence-based medicine; however, there are some 
important distinctions between these two concepts, and 
CER methodologies include some approaches that may be 
new to researchers and physicians who are accustomed to 
the traditional evidence-based medicine paradigm. Rather 
than mutually exclusive research paradigms, CER and 
evidence-based medicine should be viewed as synergistic, 
with each one’s strengths ideally providing the ability to 
address the other’s weaknesses. Evidence-based medicine 
emphasizes rigorous scientific data generated ideally from 
“gold-standard” randomized controlled trials (RCTs), an 
investigational approach highly valued for its ability to 
control for both known and unknown confounding vari- 
ables to effectively compare different treatment approaches 
in the strictest way feasible. However, RCTs often suffer 
in real-world generalizability and feasibility because of 
several well-recognized limitations, including use of strict 
exclusion criteria that often limit the external validity of 
data from RCTs (specifically, comorbidities and potential 
patient nonadherence to treatment protocol), experimental 
setting (academic institutions vs. community-based prac- 
tices), ethical considerations, lengthy study duration, and 
cost (7-9). Figure 13.1 contains a Venn diagram that com- 
pares and contrasts various aspects of RCTs and CER. 
One powerful example of a limitation of RCTs is that 
of the Southwest Oncology Group (SWOG) 8794 trial 
comparing adjuvant radiation therapy (RT) versus observa- 
tion after radical prostatectomy (RP) for patients with PC 
with adverse pathological features. This trial was designed 
based on strong preliminary evidence that suggested a 
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efficacy 


influencing clinical 
decision-making 
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potential therapeutic benefit for adjuvant RT for patients 
with adverse pathological features in the prostatectomy 
specimen. Although the results of the SWOG 8794 trial 
demonstrated improved overall survival and distant metas- 
tasis-free survival with adjuvant RT compared with obser- 
vation (10), the results have had limited impact on clinical 
practice (11). In the interval between the design of SWOG 
8794 in the late 1980s and the publication of trial results in 
2006, the clinical arrival and widespread adoption of PSA 
blood testing rendered the design of SWOG 8794 only par- 
tially relevant to clinical practice. During this period, PSA 
provided clinicians the ability to closely monitor patients, 
with potential to identify recurrence prior to clinical relapse, 
and transformed the nature of postprostatectomy surveil- 
lance and management for PC. Given this change, adoption 
of the adjuvant RT strategy after the trial published was 
small, with less than 20% of eligible patients undergoing 
such treatment(11). Currently, there is much controversy 
regarding the relative merits of adjuvant RT versus close 
observation with PSA testing and selective use of early sal- 
vage RT(12-14), and contemporary decisions regarding 
management decisions cannot be wholly informed by the 
SWOG 8794 data because the standard arm (observation) 
no longer reflects the current alternative to adjuvant RT 
(serial PSA testing with early salvage RT for a rising PSA). 
In this case, the utility of the RCT results was impaired 
by the long time interval required to conduct the clinical 
trial and unanticipated changes in diagnostic tools used in 
this disease. CER methods offer opportunities to rapidly 
fill evidence gaps in situations like this, provided necessary 
tools such as high-quality databases are available. 
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A Venn diagram that compares and contrasts various aspects of RCTs and CER. 
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In contrast to the traditional model for evidence- 
based medicine, the CER model embraces the use of 
many study types, including RCTs, pragmatic or practi- 
cal trials, adaptive studies, and observational data such 
as retrospective and prospective cohort and case-control 
studies (15). Pragmatic trials use far fewer exclusion cri- 
teria than RCTs and compare treatment effectiveness in 
usual care conditions (16). Observational studies allow the 
incorporation of larger sample sizes, permitting the study 
of interventions across subgroups. The rationale for such 
allowances is that including comorbidities, larger sam- 
ple sizes, and natural population variation can assist in 
obtaining information that is generalizable to real-world 
scenarios, subgroups, and individuals. For example, CER 
may help answer which intervention is best for a middle- 
aged African American male being treated at a commu- 
nity hospital when the only available RCT data include 
elderly predominately white individuals at academic cen- 
ters. Furthermore, CER studies using observational data 
can provide the ability to evaluate new clinical questions 
when an RCT is not feasible or while awaiting the matura- 
tion and publication of RCT results. Adaptive trials allow 
investigators to incorporate external evidence as the study 
progresses, such as adding new interventions and drop- 
ping less effective ones, thereby maintaining clinical rel- 
evance throughout the study duration (17,18). In essence, 
CER and traditional evidence-based medicine differ in the 
same way “effectiveness” differs from “efficacy,” the same 
way pragmatic randomized control trials differ from stan- 
dard RCTs. In each comparison, the former is focused on 
a therapy’s function in the real world, whereas the latter is 
focused on function in the ideal setting (19). 

There are some important challenges and limitations 
of CER using observational data that should be consid- 
ered carefully. CER using observational data is especially 
prone to methodological and statistical biases that make 
the results unreliable and thus should be interpreted with 
great rigor(9). Several authors have expressed concern 
over the use of CER data to influence clinical intervention 
given the potential for misinterpretation and rapid dissem- 
ination by policy makers and the media (20, 21). There are 
a variety of methods that CER investigators apply to con- 
trol for confounding variables and enhance the strength of 
evidence of observational studies (15, 18). 

Observational studies are inherently limited by the fact 
that decisions made in real-world practice are rarely ran- 
dom. To control for confounding variables and enhance the 
quality of evidence obtained from observational studies, 
CER investigators use statistical techniques such as regres- 
sion models, propensity score methods, and instrumental 
variable (IV) analysis(22—25). Multivariable regression 
models allow one to estimate the magnitude of association 
of an outcome with one variable while holding other covari- 
ates constant (15). Propensity score analysis is another strat- 
egy to adjust for nonrandom allocation of an intervention 
in an observational cohort study (26,27). This method 
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involves first estimating the likelihood (“propensity score”) 
of assignment to the intervention based on measured covari- 
ates for each subject and then evaluating the effect of the 
intervention on the measured outcome after adjusting for 
propensity score through either propensity score matching 
or a regression model that includes propensity score. The 
propensity score may have a value between 0 and 1 and rep- 
resent the likelihood that a subject would receive an inter- 
vention based on the subject’s characteristics. Although this 
is a useful tool, propensity score analysis has limitations, 
including the ability to adjust only for those potential con- 
founders that exist in the data as measured variables (15). 

An IV analysis is an alternative statistical approach that 
is designed to adjust for both measured and unmeasured 
confounders (28). This approach is dependent on the identi- 
fication of an IV, which requires a strong association with 
assignment of the intervention to subjects and no direct 
association with the outcome. An example of an IV used in 
the literature is health service area for the use of androgen 
deprivation therapy (ADT) alone for localized PC, since 
variations in clinical practice are observed among areas, 
but health service area does not independently influence 
survival outcomes from PC (23). Essentially, an IV analy- 
sis involves using the IV itself to mimic the randomization 
process of a RCT through a two-step analytical process 
that involves first estimating the probability of assignment 
to an intervention based on a two-step analytic process that 
incorporates the IV in predictions of the probabilities of 
assignment to the intervention and of a subject experienc- 
ing the relevant outcome(15). Although all these analytic 
techniques do have limitations, they serve an important 
role in the adjustment for potential confounders on CER 
studies using observational cohorts. 


m IMPORTANCE OF COMPARATIVE 
EFFECTIVENESS RESEARCH IN 
ONCOLOGY 


CER in oncology has exploded in the last few years, 
with 103 CER-related studies in oncology funded by the 
National Cancer Institute’s (NCI) Division of Cancer 
Control and Population Science between 2009 and 
2011 (29). The rise in cancer CER has stemmed in part 
from the emergence of new technologies and drugs, with 
tremendous associated increases in health care expendi- 
tures in oncology (30). One can also not ignore the con- 
tributing factor of concerns over the projected increase in 
cancer diagnoses and long-term cancer survivors to the 
boost in cancer CER (31). There are a burgeoning num- 
ber of sources of observational data for cancer CER, 
such as clinical registries, electronic medical records, and 
claims databases (18). There has been a tremendous recent 
emphasis on CER in oncology, including a special issue of 
the Journal of Clinical Oncology in 2012 devoted to the 
subject (29, 30). 
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CER investigations in oncology are limited by a vari- 
ety of challenges, given the extensive complexity of onco- 
logical pathology, treatment, and outcomes data. As stated 
by Shen et al. (8) and Hood and Friend (32), the barriers to 
cancer CER include choice of an appropriate comparator, 
control of confounding variables, lack of oncology-specific 
large-scale data on clinical characteristics and outcomes, 
lack of large biomarker databases, and the challenge of 
generating research rapidly enough to keep pace with 
treatment innovation. As with other CER, cancer CER 
researchers must pay special attention to methodologi- 
cal rigor in their analyses and data reporting to eliminate 
confounding variables and maximize real-world relevance. 
A recent review of 37 published reports relating to breast 
cancer genetics speaks to the fact that oncological studies 
vary widely in design (33). Focus must remain on effectively 
using available resources and generating quality, reliable 
evidence to inform decision making by patients, clinicians, 
and policy makers. Glasgow et al. have provided important 
perspective on future oncology CER directions by evaluat- 
ing the current body of federally funded cancer CER and 
by identifying the knowledge gaps and research areas that 
are in need of methodological improvements. They empha- 
size, in particular, a need for CER that is designed to help 
translate discovery and innovation into clinical practice 
by providing actionable and relevant evidence regarding 
cancer-related health interventions (29). 

Observational studies are an appealing approach for 
cancer CER due to their rapid turn around, generaliz- 
ability to real-world clinical situations, and the ability, 
through large datasets that include individuals who may 
be underrepresented in RCTs, to explore outcomes of 
individual subgroups or populations (34). The ability to 
rapidly evaluate research questions using observational 
cohorts in existing databases provides the opportunity 
to obtain evidence while awaiting for results of RCTs, 
which often require a significant delay before study mat- 
uration. Commonly used databases for oncology CER 
include insurance claims databases, in-house prospective 
and electronic clinical registries, and the National Cancer 
Institute’s Surveillance, Epidemiology, and End Results 
(SEER) database (see Table 13.1). In-house registries 
allow for customization of specific patient and treatment 
details but are limited in sample size and thus strained 
in their ability to evaluate effectiveness of interventions. 
Conversely, the SEER database is composed of 17 popula- 
tion-based registries in the United States that account for 
26% of the U.S. population. SEER contains information 
regarding patient demographics, tumor characteristics, 
treatment modality, and mortality outcomes but is limited 
with regard to other clinical outcomes. Previous studies on 
the reliability of SEER mortality data have shown agree- 
ment to medical records of 87% to 92% (35, 36). 

The use of evidence obtained from observational 
research is a potential source of controversy in oncology. 


PARTII © Treatment for Low-Risk, Localized Disease 


A recent exchange among CER and RCT researchers 
regarding an observational cohort study that compared 
complications after breast brachytherapy (BBT) and whole 
breast irradiation (WBI) offers valuable insights into the 
potential tensions between the paradigms of CER and 
RCTs (20,25, 37). Published in late 2012, Presley et al. 
performed a Medicare database CER study to investigate 
the national patterns of use in the United States and acute 
complications of BBT compared with WBI after breast 
conserving surgery for early-stage invasive breast cancer. 
By using IV analysis to adjust for potential confounders, 
the authors reported that BBT had a 16.8% higher (35.2% 
vs. 18.4%) overall complication rate compared with 
WBI(25). Cuttino et al. challenged the claim in a com- 
mentary, entitled “When retrospective CER hinders sci- 
ence and patient-centered care,” citing several RCTs that 
showed no difference between the complication rates after 
BBT and WBI and generally discrediting the CER methods 
used by Presley et al. (20). Cuttino et al., who are BBT spe- 
cialists and lead investigators for an RCT comparing BBT 
with WBI, express frustration over CER using claims data 
when clinical trials are being conducted (20). The authors’ 
rebuttal (38) to the Cuttino et al. commentary presents a 
compelling review of the limitations of existing RCT-based 
data for BBT and highlights the value of CER. As Presley 
et al. point out, the randomized trials cited by Cuttino 
et al. used either a different form of brachytherapy or used 
mainly 3D conformal radiation for the partial breast irra- 
diation group as opposed to brachytherapy, confounding 
the complication rates (38). As a complete set, this Journal 
of Clinical Oncology CER research paper (25), commen- 
tary (20), and rebuttal (38) are recommended to the reader 
as an insightful overview of the limitations and strengths 
of RCTs and of observational CER, as well as an indicator 
of the need to expand opportunities for clinical trialists to 
receive additional training in CER to better understand 
its role in evidence generation. In addition, the reaction 
to this study raised a methodological point worthy of 
mention: Malin(39) pointed out that the complication 
list used for administrative claims coding in the paper by 
Presley et al. included the International Classification of 
Disease code 785.59, “Other shock without mention of 
trauma,” a complication that would very unlikely occur 
from partial or whole-breast irradiation. As Malin sug- 
gests, this is likely not a relevant complication and should 
not have been included in this investigation. This serves 
as a reminder that CER investigators must be careful to 
include only outcomes that may be related to the interven- 
tions to be evaluated; otherwise, associations may be inap- 
propriately found and false conclusions drawn (39). 

A challenge pertinent to CER in the United States is 
the decision of whether to include cost. The Affordable 
Care Act explicitly forbids PCORI from funding research 
that produces cost-effectiveness results in the form of cost 
per quality-adjusted life year (QALY) threshold or similar 
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Source 


CISNET 


Cancer Research 
Network 


CDC Behavioral Risk 
Factor Surveillance 
System 

In-house registries 


Linked insurance 
registry databases 


Medicare claims 


Medical records 


National Patient 
Advocate 
Foundation CER 
Database 

SEER Database 


SEER-Medicare 
database 


SEER-MHOS 


Advantages 


Provides results from statistical modeling analyses 
of cancer prevention, screening, and treatment 
alternatives 

Provides a wealth of patient, tumor, laboratory, 
cost, and outcomes information 

Large sample size of over 11 million enrollees 

Significant data on racial minorities 

Provides information on health-related risk 
behaviors, chronic health conditions, and use of 
preventive services 

Customizable data output for specific clinical 
questions or cohorts 

Provides detail of case and treatment 

Data for younger and older patients, as opposed to 
Medicare databases 

Technical details of treatment 

Can link to physician and health care market 
databases and sometimes to state registries 


Detailed information of clinical case, including 
treatment and outcomes 


Lists CER studies funded by the National Institutes 
of Health (NIH) and Agency for Healthcare 
Research and Quality 


Reports clinical details of cancer, patient 
demographics, and basics of treatment modality 


More specific technical details of treatment 
compared to SEER 

Clinical details of cancer 

Reports on mortality 

Can link to physician and health care market 
databases 


Provides information from a 95-item questionnaire 
that includes information on tumor site, race, 
ethnicity, and patient health care preferences 
(before and after treatment) 


Examples of data sources for observational comparative effectiveness research 


Disadvantages 


Available data limited to areas that have been 
analyzed to date by CISNET 


Limited to data from 14 health maintenance 
organizations 

Data kept at the local sites vs. one central 
database, limiting accessibility 

Risk of volunteer bias—data only garnered from 
telephone surveys 


Limited sample size 


Limited availability 


Data limited to Medicare beneficiaries 

Limited details of cancer diagnoses and outcomes 

No RT dosimetric data 

Requires time-consuming computer programming 
to perform analysis 

Level of detail varies by record system 

Exceedingly difficult to analyze if not in electronic 
form 

Requires significant work on behalf of the reader 
to reach meaningful conclusions 


Data limited to 17 regions of the United States 

Lack of specific treatment information, e.g., dose 
of radiation therapy, chemotherapy use 

Lack of data on treatment and outcomes following 
recurrence 

Data limited to 17 regions of the United States, 
and patients older than 65 years 

Limited details on clinical outcomes 

No information about local control 

No direct information about patient complications 

No RT dosimetric data 

Requires time-consuming computer programming 
to perform analysis 

Data limited to 17 regions of the United States 

Data limited to Medicare beneficiaries who 
completed at least one survey 

Data only for years 1998-2007 


Abbreviations: BRFSS, behavioral risk factor surveillance system; CDC, Centers for Disease Control and Prevention; CER, comparative effectiveness 
research; CISNET, Cancer Intervention and Surveillance Modeling Network; CRN, Cancer Research Network; HRQOL, health-related quality of 
life; MHOS, Medicare Health Outcomes Survey; RT, radiation therapy; SEER, Surveillance, Epidemiology, and End Results. 


measures (40,41). However, the rising costs of health care, 
and cancer care in particular, is a major concern in the 
United States (42). Smith and Hillner reported that annual 
costs for cancer care are projected to rise to over $170 
billion by 2020, largely due to increased costs of new 
therapies and more extensive health interventions (42). 
Given this explosion of costs associated with innovations 
in cancer care, there is a need for CER that contributes 


to knowledge regarding the costs and cost-effectiveness 
of cancer interventions (29,40,43-45). For example, 
Zhang et al. reported that for oncology patients, a sim- 
ple discussion of end-of-life wishes alone may result in as 
much as a 35% reduction in health care spending in the last 
week of life (46). Organizations other than PCORI, such 
as the NCI and the Agency for Healthcare Research and 
Quality (AHRQ), do support including cost-effectiveness 
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and resource analyses in CER (29). Of the 103 NCI-funded 
CER studies in oncology between 2009 and 2011, 35% 
included economical modeling (29). Many experts believe 
that the federal guidelines for cost examination in CER 
will change as policy makers aim toward both raising the 
quality of care and limiting health care spending (8, 40). 

CER and the related concept of patient-centered out- 
comes research are particularly compelling in oncology, 
where individualizing care based on biomarkers, “-omics” 
information, and patient preferences has gained significant 
traction and clinical application(29). The constellation 
of recent advances in personalized medicine, genomics, 
and CER provides opportunities for CER to accelerate 
development in these other fields and opportunities for 
innovation through intersections among these fields 
(47,48). CER methods, including systematic reviews, obser- 
vational cohort studies, and decision analysis models, are 
essential tools for moving genomic tests and discoveries 
into clinical practice, including the broad implementation 
of discoveries beyond the point of “bench to bedside,” 
since these methods can demonstrate effectiveness for 
individuals, for subgroups, or at the policy level (49, 50). 
From a development perspective, personalized medicine 
approaches that use biomarkers to guide therapy decisions 
suffer from a lack of data on clinical utility, and CER 
offers methods to rapidly provide evidence when databases 
exist (48,51). Furthermore, oncology treatment decisions 
can be strongly affected by patient characteristics, such 
as age or comorbidities, and CER provides the potential 
to evaluate treatment effectiveness within subgroups. For 
PC in particular, evaluation of the effectiveness of ADT in 
elderly patients and/or patients with pre-existing cardiac 
disease is an example of the potential for CER to provide 
helpful subgroup-level data that is not otherwise available 
from RCTs (52). Given the complex decisions in oncology, 
where individual characteristics as varied as patient prefer- 
ence, age, comorbidities, and performance status, as well 
as biomarkers and genomic profiles, can influence choices 
and outcomes, CER is particularly a compelling approach 
to evaluate the effectiveness of interventions in subgroups, 
strata, or individuals in real-world settings. 


E IMPORTANCE OF COMPARATIVE 
EFFECTIVENESS RESEARCH IN 
PROSTATE CANCER 


In 2009, the IOM listed treatments for localized PC in 
the highest quartile of its top 100 national priorities for 
CER (1). Given the significant public health burden of the 
disease coupled with the lack of informative RCTs, the 
need for informative PC CER is tremendous. Currently, 
it is estimated that one in six men in the United States 
will develop PC(53). The American Cancer Society esti- 
mates that PC will account for 28% of cancer diagnoses 
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among men in 2013 (53) and will account for $16.4 billion 
in annual direct health care costs by 2020 (54). 

Prostate CER is capable of adding valuable insight into 
the investigation of treatment modalities and outcomes 
otherwise not feasible with RCTs. The limitations for the 
generalizability and feasibility of PC RCTs are similar to the 
general limitations described previously: difficulties with 
patient accrual which limits statistical power, vast array of 
comparators, cost, and lengthy duration of follow-up time 
necessary to achieve clinically significant endpoints (7-9). 

For example, the Prostate Cancer Intervention Versus 
Observation Trial (PIVOT) (55) randomized men with 
localized PC to prostatectomy versus watchful waiting. 
The primary endpoint of the study was overall survival 
with a target accrual of 2,000 patients. Difficulties with 
patient recruitment caused the trial to close after enrolling 
741 patients. With a median follow-up of 8 years, investi- 
gators found no significant difference in all-cause mortal- 
ity between the two treatment arms. However, the validity 
of the results has been questioned due to concerns of the 
statistical power of the study. In this instance, prostate 
CER investigators have used databases to provide supple- 
mentary evidence. Lu-Yao et al.(23) performed a SEER 
database analysis that confirmed the results of the PIVOT 
trial, and the similar results of another small-sample 
RCT (56), providing additional evidence that suggests 
equivalent survival with watchful waiting and surgery in 
men older than 75 years. Similarly, an RCT aimed at com- 
paring RP versus prostate brachytherapy closed early due 
to difficulties with patient accrual (57). 

The demands upon RCTs are tremendous for PC treat- 
ment comparisons, since there is a wide variety of treat- 
ment options, which include active observation, ADT, RP, 
and multiple forms of RT, including intensity-modulated 
RT (IMRT), brachytherapy, and proton radiation therapy 
(PRT). A comprehensive RCT designed to evaluate all 
treatment options for PC would be prohibitively large and 
costly. Moreover, patient and physician bias about PC 
treatment would make such a trial difficult to complete. 
An RCT aimed at comparing surgical prostatectomy ver- 
sus interstitial radiation intervention closed after enrolling 
only 56 patients over a 2-year time period in 31 centers in 
North America (58). 

Furthermore, comparisons among treatment options 
can be considered on multiple levels, since some treatment 
options, such as PRT and IMRT, are much more costly 
than RP or AS(59, 60). Yu et al. used a Medicare database 
analysis to compare the patterns of use, cost, and early 
toxicity of PRT and IMRT for PC(59). Despite the PRT 
sample including far younger, healthier men, 12-month 
toxicity rates were shown to be equivalent among PRT 
(N = 553) and IMRT (N = 27,094). This finding is particu- 
larly important given the nearly double cost to Medicare 
when using PRT as opposed to IMRT: $32,428 versus 
$18,575, respectively (59). 
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Time is also an important consideration for the utility 
of RCTs for PC. As shown with the SWOG 8794 trial, 
the relatively low fatality of PC means the RCT follow-up 
time to reach significant outcomes can take so long that 
the data may have limited external validity with respect 
to contemporary practice by the time the trial is pub- 
lished (10). Given these constraints on the feasibility of 
RCTs, CER can enhance our understanding of available 
treatment options for PC and help patients, physicians, 
and policy makers make informed decisions. 

The wide array of treatment options with generally 
equivalent outcomes presents a challenge for PC CER. 
When health care decisions include multiple options that 
have similar benefits and harms, or when the clinical evi- 
dence is uncertain, the choices are considered “preference- 
sensitive.” PC treatment decisions are a classic example of 
this, with major implications for prostate CER. Decision 
analysis models in the CER literature typically evaluate 
interventions in the average patient, using group-level 
utilities (61-65). However, individual patients may have 
preferences that differ dramatically from their peers, 
with subsequent changes in utilities associated with pos- 
sible health states following an intervention. Cowen et al. 
compared decision analytic outcomes using group-level 
versus individual-level utilities and found that group-level 
utilities misrepresented individual patients’ preferences 
in 25% to 48% of cases (66). This concept is relevant to 
interpretation of the medical literature. For example, in 
the comparison of AS versus active treatment for low-risk 
PC published in JAMA by Hayes et al., the benefit of AS 
for longer quality-adjusted life expectancy was sensitive to 
patients’ preferences for surveillance versus treatment (62). 
So, group-level CER may not directly predict nor inform 
individual patient decisions. There is an existing litera- 
ture on patient choices and preferences (67-69), and it is 
important to incorporate such considerations in the design 
and evaluation of PC CER. 

Decision analysis modeling is a useful tool for PC 
CER, because it synthesizes evidence from a range of 
sources to compare outcomes of interventions. A decision 
model incorporates the probabilities of outcomes over time 
based on the use of interventions. Values, or utilities, are 
associated with each health outcome, and the output may 
be expressed as QALYs. Decision analysis models are well 
suited to evaluating interventions associated with a com- 
plex range of outcomes and probabilities. Because develop- 
ment of decision analysis models often involves performing 
sensitivity analysis of the model inputs, they are particu- 
larly well suited to evaluating how individual patient char- 
acteristics influence the outcomes of the model (15). 

Decision analysis models are also useful tools for 
evaluating choices for subgroups or individuals, since 
inputs and probabilities can be adjusted or subjected to 
sensitivity analyses. Sommers et al. demonstrated that 
incorporating individualized preferences for PC treatment 
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in decision analysis modeling is feasible and that the pre- 
ferred treatment depends both on individual clinical fac- 
tors and patient preferences (70). Decision analysis models 
can incorporate a range of individual clinical risk factors 
and patient preferences—essentially any baseline personal 
characteristics—to inform patient decisions(71). Since 
the use of individual patient preferences for PC treat- 
ments in decision analysis models has been shown to alter 
outcomes in 30% to 50% of instances (66,70), and since 
incorporating individuals’ heterogeneity has been shown 
toimprove value over the use of group-level decision-making 
approaches (72), the authors recommend that these 
approaches be utilized in PC CER. In a very real sense, 
the ability to offer personalized cancer care in preference- 
sensitive decisions is dependent on measuring patients’ 
preferences for cancer treatments and outcomes (73). In 
addition to explicit assessment of patient preferences to 
estimate individual utilities for PC CER, the concept of 
individualization can be extended to include other base- 
line personal attributes of patients, such as age, comor- 
bid illnesses, tumor genotype (72), or even biomarkers of 
patient longevity (74). In this fashion, individualized CER 
methods have the potential to place patients and clinicians 
at the center of CER to incorporate key baseline attributes 
and preferences that influence informed health care 
decisions (72, 75). 


E COMPARATIVE EFFECTIVENESS 
RESEARCH IN LOW-RISK PROSTATE 
CANCER 


Low-risk PC is defined as PSA <10 mg/mL, Gleason score 
of <6, and a tumor either nonpalpable or only palpable 
and confined to less than half of one lobe of the prostate, 
equivalent to clinical stage T1c or T2a(76). The potential 
impact of low-risk PC CER is comparable with that of 
prostate CER in general, as 85% of PC is confined within 
the prostate at diagnosis (77). A brief review of current 
prostate CER is presented here. 

To highlight the current gaps in our knowledge and 
available evidence, we must first define our target popula- 
tion. The age of the low-risk PC population has recently 
shifted toward younger age at diagnosis. Although men 
older than 65 years previously constituted the majority 
of newly diagnosed PC(78), recent data suggest that men 
older than 65 years now make up less than half of the new 
diagnoses (79), likely due to earlier detection of PC from 
PSA screening. This shift in the mean age of diagnoses 
raises two important points. First, as our detection abil- 
ity improves, the proportion of men with early-stage PC 
is likely to increase. Second, as we move forward with 
investigations of outcomes for PC treatment modalities, 
we must use caution to avoid the lead-time bias that earlier 
detection places on our analyses. 


254 


In the absence of RCT data, observational studies 
have provided a useful framework for comparing out- 
comes of the different PC treatment options for men with 
localized PC. For men of all age groups, comparing RT 
and RP, historical data suggested RT yielded inferior out- 
comes compared with RP (80, 81), whereas modern studies 
using higher radiation doses have shown similar outcomes 
to surgery (82-84). On subgroup analysis, RP appears to 
be of greatest benefit for men younger than 65 years, with 
an 11.2% reduction in PC-specific mortality at 12 years of 
follow-up when compared to watchful waiting (56). 

For men older than 65 years, multiple observational 
studies have shown a survival advantage for surgery com- 
pared to RT and observation (85,86), whereas available 
randomized evidence suggests that treatment (particularly 
surgery) and watchful waiting are equivalent in terms of 
cancer-specific and overall survival (56). From a quality- 
of-life and cost perspective, observation appears to be 
more effective and less expensive compared to treatment 
for men in this age group, granting two additional months 
to quality-adjusted life expectancy at 65 and 75 years of 
age and saving patients $12,000 to $15,000 in medical 
expenses (87). 

Unfortunately, despite conservative management 
being a reasonable alternative for many of these men, a 
population-based analysis by Cooperberg et al. suggests 
that less than 10% of eligible men choose conservative 
management over aggressive treatments(88). Further, 
despite this relative lack of data favoring treatment over 
observation for low-risk disease (88), there is a wide varia- 
tion of patterns of PC care across the United States on 
a regional level, suggesting that physicians’ biases influ- 
ence the decision-making process. The large discrepancy 
here between data and actual practice suggests a failure of 
research to inform decision making of patients and clini- 
cians. By fostering an enhanced understanding of treat- 
ment alternatives and outcomes in real-world settings, 
PC CER may give physicians and patients more accessible 
tools to help make patient-centered decisions, thus alle- 
viating some of these biases dominating the current 
decision-making process. 

Systematic reviews provide for an additional CER 
research tool that can be used to methodically review data 
from published studies to fill gaps in knowledge or identify 
areas requiring further investigation. A systematic review 
was recently performed for the AHRQ to help determine 
the comparative effectiveness and harm associated between 
and within the different PC treatment strategies (89). 
After reviewing all available RCTs and observational 
studies, the panel was only able to identify three RCTs 
that directly compared the effectiveness between treat- 
ment modalities. Two RCTs compared RP with watchful 
waiting and demonstrated an improvement in all-cause 
and PC-specific mortality with RP(56,90). The third 
RCT compared RP with EBRT among 106 patients with 
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localized PC and showed decreased rates of progression 
and distant metastasis following RP. However, the gener- 
alizability of data from the three RCTs to current practice 
is limited as the majority of men included in such trials 
were diagnosed prior to PSA screening. After reviewing 
available data on adverse events treatment, the panel found 
that (a) erectile dysfunction was common across all PC 
treatment modalities;(b) urinary dysfunction was more 
common following RP;(c) hematuria and urethral stric- 
tures were more commonly associated with RT; and 
(d) bowel complication were rare following RP compared to 
RT (89). The panel also concluded that assessment of data 
from observational studies was limited due to varying 
definitions of adverse events in the literature and overlap- 
ping effectiveness estimates between different treatment 
modalities (89). 

Observational cohort CER studies have potential value 
for PC, since RCT data are limited and require significant 
lengths of time for data to mature, and can provide useful 
data regarding the effectiveness of new therapeutic technol- 
ogies. Hu et al. compared outcomes after minimally inva- 
sive RP (MIRP), with and without robotic assistance, with 
those after open retropubic RP using the SEER-Medicare 
linked database. They observed a rapid increase in MIRP 
utilization from 2003 to 2006, with mixed results for out- 
comes: MIRP was associated with shorter hospital stay and 
fewer perioperative complications, but with similar rates 
of additional cancer therapies delivered and higher rates 
of urinary complications and erectile dysfunction (91). A 
recent series of studies using the SEER-Medicare data- 
base have evaluated the comparative effectiveness of RT 
techniques, with the purpose of evaluating more expen- 
sive, more conformal techniques of IMRT and PRT com- 
pared to conformal RT. The results suggested slightly 
lower rates of gastrointestinal (GI) complications after 
IMRT compared to conformal RT(92-94) for men 
receiving definitive RT, but no benefit for IMRT for 
men receiving radiation after a prostatectomy (95). 
Another series of SEER-Medicare analyses also demon- 
strated a surprisingly higher rate of GI complications after 
PRT compared with IMRT (92, 94). Although these SEER- 
Medicare studies suffer from limitations arising from the 
methodology and database itself (15, 96,97), they serve an 
important role in helping to fill gaps in evidence regard- 
ing PC treatment comparisons. It should be noted that the 
validity of such data has been questioned given previous 
research that has clearly demonstrated limitations of the 
billing claims data for identifying chronic complications 
following PC treatment (98). Moreover, the use of billing 
claims data to investigate RT toxicity is further limited 
due to lack of relevant dosimetric data. 

Decision analysis models provide an additional PC 
research tool to help guide patient-treatment decisions in 
the absence of robust prospective comparative data (99). 
Decision analysis modeling provides for another power 
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CER methodology, and its utility to aid in patient and cli- 
nician decision making has been extensively reviewed. A 
typical decision analysis model includes a pictorial deci- 
sion tree that displays alternative treatment options and 
associated outcomes that may occur with different treat- 
ment strategies. A decision analysis model is then created 
to account for the probability of an outcome occurring 
(obtained from the published literature) and the expected 
value of each outcome. The expected result of different 
treatment strategies is then presented, in terms of the out- 
come of clinical interest, which may vary from expected 
survival probability or years lived, QALYSs, cost, and other 
clinical parameters of interest. Uncertainty in the differ- 
ent probabilities incorporated into the model can, how- 
ever, limit the validity of the model. To account for any 
uncertainty in the probability values incorporated into 
the model, sensitivity analyses can beperformed to assessthe 
differing outcomes based on a range of probability values. 

Multiple decision analyses have been performed to 
help aid the decision-making process for patients with 
localized PC. Hayes et al. performed a decision analysis 
to compare the quality-of-life benefits of watchful waiting 
or AS with definitive treatment (RP, EBRT, or brachyther- 
apy) for a 65- or 75-year-old male with low-risk PC (100). 
On the basis of this analysis, investigators determined that 
AS was associated with the highest quality-adjusted life 
expectancy (11.07 QALYs), followed by brachytherapy 
(10.57 QALYs), IMRT (10.51 QALYs), and then RP (10.23 
QALYs) (100). Konski et al. recently performed a decision 
analysis to compare the cost and quality-of-life benefit of 
IMRT versus 3D-CRT for a 70-year-old male with local- 
ized PC (101). On the basis of this analysis, investigators 
found that IMRT was associated with 6.27 QALYs com- 
pared to 5.62 QALYs with 3D-CRT. The incremental 
cost-effectiveness of IMRT was $40,101/QALYs, which 
meets current willingness-to-pay thresholds in the United 
States (101). However, the validity of decision analysis 
modeling is dependent on the quality of published data. 
Thus, as high-quality comparative data between PC treat- 
ments becomes available over the next few years, there will 
likely be a greater role for PC decision analysis modeling. 


m CONCLUSIONS 


CER continues to build the evidence basis for PC deci- 
sion making. As we have argued, PC presents unique 
needs and challenges for CER. Given the significant pub- 
lic health burden of PC, the tremendous health care costs 
associated with treatments, and the relative lack of infor- 
mative RCTs, PC has been identified as a priority for CER. 
However, to fill evidence gaps and provide much-needed 
insights into effectiveness of treatments within subgroups, 
and based on individual characteristics, CER investigators 
will require improved data sources and methodologies. 
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Ideally, future CER databases will include technical details 
regarding treatment, such as radiation doses and tech- 
niques, biomarkers and/or linked tissue repositories, clini- 
cal outcomes, and patient-reported outcomes. Although 
the intersection of CER and personalized medicine creates 
opportunities for accelerating progress toward patient- 
centered decision making, challenges remain regarding 
integration of genomics, epigenetics, and proteomics into 
a CER framework. 

CER should be viewed as complementary to the tra- 
ditional evidence-based medicine paradigm, which priori- 
tizes RCTs. The protracted natural history of PC leads to 
a long period of maturation for clinical trial results and 
also makes it likely that secular trends or other diagnostic 
or therapeutic advances (e.g., PSA blood test) will render 
irrelevant or uninterpretable results of even the 
best-conducted RCTs. Therefore, it is critical that inves- 
tigators embrace CER as a way to obtain rapid, relevant, 
real-world data to inform PC decisions, even while main- 
taining emphasis on RCTs and basic and translational 
science methods. Although current CER methods were 
reviewed in this chapter, it is expected that CER and 
patient-centered outcomes research will evolve continually 
to address the challenges and opportunities of genomics, 
personalized medicine, and future medical advances. 
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E OVERVIEW 


This chapter discusses dilemmas faced by physicians who 
manage a patient with a rising prostate-specific antigen 
(PSA) value after focal therapy for localized disease. 
Although primary treatment with radiation or surgery is 
largely successful at controlling localized disease, about 
one of three men develop biochemical recurrence (BR), or 
a rise in PSA to a defined threshold. Presumably, BR will 
lead to overt progression in men over subsequent years. In 
this chapter, we focus on the factors that a physician con- 
siders when counseling and recommending treatment to 
a patient with a rising PSA, including various PSA-based 
definitions of BR; presumed source of PSA (i.e., local dis- 
ease, distant disease, or residual benign prostate); and 
the emerging technologies that may help detect treatment 
failure. 


Rising PSA After Focal Therapy: Background 


The incidence of prostate cancer rose since the introduction 
of PSA screening. Consequently, about 80% of men 
diagnosed in the United States present with localized 
(i.e., T1-T2, confined to the prostate capsule) disease (2). 
For men with localized prostate cancer, treatment with 
external beam radiation therapy (EBRT) or radical prosta- 
tectomy (RP) is largely successful at controlling disease (3). 
However, approximately one third of men develop BR or a 
rise serum level of PSA to a defined level (4). In the United 
States, an estimated 20,000 to 35,000 men per year expe- 
rience BR after RP (5). 

Presumably, BR will lead to distant metastasis (DM) 
and prostate cancer-specific mortality (PCSM) over 
subsequent years. Management of patients with BR is 
complex and controversial for a number of reasons: (a) a 
number of BR definitions exist; (b) a transient PSA rise 


Defining Treatment Failure 
for Localized Prostate Cancer: 
PSA and Beyond 


after RT (i.e., a PSA “bounce”) is difficult to differentiate 
from treatment failure; (c) even after confirmed BR, a 
further dilemma is the determination of the source of PSA 
(i.e., local vs. systemic disease vs. benign prostatic tissue); 
and (d) not all men with BR develop clinical relapse, so it 
is difficult to correlate BR with DM and PCSM. 


E PSA AS A MARKER 
OF TREATMENT SUCCESS 


PSA is a soluble 34-kD glycoprotein secreted by the 
epithelium of the prostate gland and detected in the 
peripheral blood. PSA is a part of the ejaculate, and its 
purpose is to liquefy semen in the seminal coagulum and 
allow sperm to swim freely. PSA is also secreted into the 
blood, almost exclusively by the prostate gland, and has 
a reference range of <4 ng/mL. PSA remains in the pros- 
tate cells after they become malignant; therefore, it is a 
biomarker used in both the initial detection and subse- 
quent posttreatment monitoring for prostate cancer. PSA 
production is regulated by the androgen receptor (AR), 
the main proliferative signal for prostate cancer growth. 
PSA values are typically measured every 3 to 6 months 
after RP or RT for the initial 1 to 2 years after therapy; 
they are checked yearly thereafter. A sample plot of fall in 
PSA post-RP versus post-RT is shown in Figure 14.1. 


Post-RP 


Serum PSA should reach undetectable levels by conventional 
assays in 4 to 6 weeks in the majority of men undergo- 
ing RP since that the half-life of PSA is 2.5 to 3 days (6). 
Despite this short half-life, studies have shown that 65% 
to 83% of men will have PSA levels that remain stable up 
to 10 years following RP (7-9). Thus, a low, stable, detect- 
able PSA after RP may reflect presence of benign prostatic 
tissue, but a rise in PSA may signal cancer recurrence. 

RP patients who experience BR have an 88% 10-year 
OS rate; in contrast, men treated with RP who do not have 
BR have a 93% 10-year OS rate (10). For men who have 
BR, the reported median time to clinical progression is 8 
years; and DM to PCSM is 5 years. Thus, it is estimated 
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PSA bounce in 10%-—30% of men 
within 3 years of RT 


Patients treated 
with RT 
Patients treated 
with RP 
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Typical plots of prostate-specific antigen (PSA) plotted versus time after radical prostatectomy (RP) or radiation therapy (RT). After 


RP, the majority (65%-83%) of men will have PSA levels that remain stable up to 10 years, and a minority will have undetectable levels. In contrast, 
RT typically induces a slow and inconsistent decrease in PSA to levels that are typically still detectable. Moreover, 10% to 30% of post-RT patients 
exhibit a PSA bounce (i.e., a temporary elevation in PSA without disease recurrence) within 3 years after RT, and these bounces may take up to 
18 months to normalize. This figure is a descriptive approximation, created by Nicholas G. Zaorsky, MD. 


that the time from BR until PCSM is 13 years(11). 
Although recent studies have demonstrated a median 
survival of up to 16 years after BR, a subset of men with 
aggressive prostate cancer die much sooner (12). 


Post-RT 


Compared to the post-RP setting, it is more difficult to 
define treatment success and failure based on PSA values 
alone following RT. RT typically induces a slow and 
inconsistent decrease in PSA to levels that are typically 
still detectable. Moreover, 10% to 30% of patients exhibit 
a PSA bounce (i.e., a temporary elevation in PSA with- 
out disease recurrence) within 3 years after RT, and these 
bounces may take up to 18 months to normalize (13-15). 
PSA bounces are likely due to radiation and bacterial 
prostatitis (16). 

Five-year BR rates post-RT have been estimated to be 
28% to 39% using the ASTRO definition (i.e., three con- 
secutive rises in PSA) and 24% to 32% using the Phoenix 
definition (i.e., nadir +2 ng/mL) (17,18). OS remains high 
at 5 years in men who have experienced BR versus those 
who have not; moreover, patient’s age at failure, pre-RT 
PSA, PSA nadir, time from RT to failure, time to nadir, 
Gleason score (GS), T-stage, and rate of rise, both from 
the nadir and from the beginning of the rise, are not sig- 
nificantly associated with an increased risk of death (19). 


The Phoenix definition has since been shown to be 
a better predictor of DM, PCSM, and OS(20,21). For 
men with a rising PSA, the 10-year DM-free survival is 
estimated to be 90%, while those with stable PSA have a 
rate of 97% (22). BR has been used as an outcome mea- 
sure in multiple studies; however, because of variable 
definitions (18), the difficulty with comparing BR across 
treatments (23), and post-RT BR not directly translat- 
ing to mortality, PCSM has been the preferred metric 
for treatment efficacy after RT. For patients treated with 
RP, EBRT and androgen deprivation therapy (ADT), and 
EBRT alone, the 10-year PCSM rates have been estimated 
to be 8%, 8%, and 12%, respectively (24). 


E PSA AS A MARKER OF PROSTATE 
CANCER RECURRENCE 


Arising PSA after RT or RP may signify existence of benign 
tissue, local recurrence (LR), or metastatic recurrence. 
It is important to differentiate among these possibilities to 
tailor treatment accordingly. The definition of BR varies, 
and important factors in its definition include the absolute 
PSA level, PSA kinetics, nomograms, imaging studies, and 
biopsy of the prostatic bed (summarized in Table 14.1). 
Although a number of guidelines for trending PSA post- 
therapy have been published, future markers of failure 
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E Table 14.1 


Post-RP 


PSA trajectory œ 


post-RP (7-9) 


Absolute PSA 
value cutoffs 


0.2 ng/mL (25, 26) 


2 sequential PSA values = 0.2 ng/mL (27) 


e > 0.4 ng/mL + subsequent elevated level (25) 


> 0.5 ng/mL is “secure evidence of PSA 
failure” (30) 


time to BR < 2 y predicts DM (12, 31) 
PSA-DT of <3 m have highest risk of 
recurrence (31, 37) 

PSA > 0.4 ng/mL + subsequent elevated level 


PSA kinetics ° 


predicts for DM, salvage therapy, PSA-DT(25) 


Nomograms e Post-RP specific (12,31,37,45) 


PSA should reach undetectable levels in 4 wk (6) 
65%-83% of men have elevated PSA up to 10 y 


PSA trajectory after RT or RP, and definitions of BR 


Post-RT 


PSA falls slowly and unevenly 

10%-30% of men have PSA bounces in 3 y 
post-RT (13-15) 

Bounces take up to 18 m to normalize (13-15) 
ADT use confounds the true PSA value 


3 consecutive PSA rises (ASTRO) (34) 


PSAn + 2 ng/mL (Phoenix) (20, 21) 


PSA-DT < 3 m predicts PCSS (41) 
IBR < 18 m predicts PCSS (44) 


e Post-RT specific (46) 


Abbreviations: ASTRO, American Society for Radiation Oncology; BR, biochemical recurrence; DM, diabetes mellitus type 2; DT, doubling time; 
IBR, interval to biochemical recurrence; PCSS, prostate cancer specific survival; PSA, prostate-specific antigen; PSAn, PSA nadir; RP, radical 


prostatectomy; RT, radiation therapy 


will likely use more sensitive and specific PSA tests and 
employ other modalities alongside the PSA. 


The Absolute PSA Level Post-RP 


Often, serial evaluation of PSAs can help evaluate the 
clinical significance of a detectable PSA. For example, a 
man with a detectable and low PSA level of 0.06 ng/mL 
after therapy may have a persistently detectable PSA 
(i.e., 0.06 ng/mL on every visit) without significant change 
for many years. Such a patient is unlikely to progress and 
suffer PCSM. Thus, a detectable PSA alone may not man- 
date salvage intervention. In contrast, a patient with a 
detectable and serially rising PSA of 0.6 ng/mL (i.e., from 
0.6 to 1.2 ng/mL and then to 1.8 ng/mL) is more indicative 
of residual prostate cancer and may benefit from salvage 
intervention. 

Several studies have evaluated specific PSA cutoffs 
to define BR after RP at 0.2 ng/mL (25,26). Friedland 
et al. (26) demonstrated a risk of post-RP PSA progression 
of 86% and 100% at 1 and 3 years, respectively. European 
Association of Urology (EAU) guidelines define BR with 
both a post-RP PSA cutoff of 0.2 ng/mL, and two sequen- 
tial PSA values > 0.2 ng/mL (27). These cutoffs are based 
on studies showing that only half of men with a detectable 
PSA in the 0.2 to 0.29 ng/mL range had a subsequent PSA 
progression and could be defined as having BR. A higher 
PSA level (i.e., > 0.4 ng/mL) correlated with a 79% risk of 
PSA progression (28). The PSA Working Group defined BR 


with a PSA cutoff > 0.4 ng/mL with a subsequent elevated 
level (29). A retrospective evaluation of BR criteria showed 
that PSA cutoff = 0.4 ng/mL had the highest correlation 
with the risk of clinical progression (25). Finally, the 1997 
ASTRO consensus panel concluded that a PSA > 0.5 ng/mL 
is “secure evidence of PSA failure” (30). 


The Absolute PSA Level Post-RT 


After RT, elevated PSA is associated with a poorer 
prognosis (e.g., risk of DM) (31); however, correlating an 
absolute PSA value to clinical outcomes is more difficult. 
Further, a serum PSA level above 1 ng/mL indicates a 
higher risk of failure of localized salvage therapy (32). The 
definition of BR based on an absolute PSA value post-RT 
is controversial because PSA levels may remain at detect- 
able levels. A PSA bounce is common in the first 2 years 
following RT (14,15). Notably, the median time to PSA 
nadir is 18 months (33); and, the concurrent use of ADT 
either prior to or along with RT complicates the interpre- 
tation of the PSA value. Therefore, using an absolute value 
for PSA to define BR is not recommended. 

In 1997, the American Society for Therapeutic 
Radiology and Oncology (ASTRO) consensus provided 
an early common definition of three consecutive PSA 
rises for treatment relapse following RT (34). Since the 
ASTRO criteria did not specify a PSA cutoff, a man whose 
post-RT PSA rose from a nadir of 0.03 ng/mL to 0.04, 
0.05, and 0.06 ng/mL on subsequent evaluations could 
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be classified as having BR. Moreover, the relationship 
between ASTRO-defined BR and PCSM or OS has not 
been clearly demonstrated (35,36). The ASTRO definition 
incorporates backdating the date of failure to the point 
midway between the post-RT PSA nadir and the first rise. 
Backdating results in an artificial flattening of Kaplan- 
Meier curves, and therefore falsely reports more favorable 
BR rates when follow-up is short. 

The PSA nadir + 2 ng/mL (PSAn; Phoenix) definition 
was introduced in 2005, and it has been shown to reduce 
the artifacts of the ASTRO definition. The Phoenix defi- 
nition is a more significant predictor of DM, PCSM, 
and OS after controlling for other covariates (20, 21). 
Moreover, it has no apparent length of follow-up bias, 
requires a shorter time to diagnosis (21), provides a BR 
risk estimate that remains proportional over time with or 
without ADT (21), and is associated with fewer misclassifi- 
cations when neoadjuvant and adjuvant ADT is used (13). 
Thus, the Phoenix definition is preferred in patients 
treated with RT alone or RT and ADT, though the 
ASTRO definition is sometimes used in patients treated 
with RT alone. 


PSA Kinetics Post-RP 


The main purpose of following PSA after treatment is to 
predict clinically meaningful outcomes. Although positive 
surgical margins are associated with an increased likeli- 
hood of BR, there is no current standard interpretation 
of PSA kinetics after RP or RT. A short time period from 
RP to BR and shorter PSA doubling time (PSA-DT) have 
been shown to correlate with the site of recurrence as 
DM (31). In contrast, a longer time to BR (e.g., > 2 years) 
is associated with localized recurrence (11,12). Generally, 
a shorter PSA-DT indicates a rapidly growing tumor and a 
higher risk of DM and PCSM (37). Patients with PSA-DT 
of < 3 months represent a minority (10-15%) of men with 
BR but have the highest risk of systemic recurrence (37). 


PSA Kinetics Post-RT 


The use of post-RT PSAn and PSA-DT are recommended 
to define BR. Although, for PSAn, it is unclear whether a 
PSAn during a patient’s lifetime (38), at 12 months (39), 
or at 24 months(40) is most prognostic. Similar to the 
post-RP setting, systemic recurrences are associated with 
higher PSAn and shorter PSA-DT. Patients with a PSA-DT 
< 3 months have the greatest risk of PCSM, with a median 
survival of 6 years (41). However, patients with a PSA-DT 
< 3 months represent a small high-risk subgroup (42); 
moreover, a rapid DT may be miscalculated (43). A novel 
measurement of PSA kinetics is the interval to BR (IBR), 
which uses the Phoenix definition to define BR after RT. 
An IBR cutoff of 18 months predicts PCSM following RT 
without ADT (44). 
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Multivariable Prediction Tools Post-RP 
and Post-RT 


Multivariable prediction tools such as nomograms 
integrate clinicopathologic and biochemical risk fac- 
tors including PSA-DT, IBR, and GS to predict clinical 
progression after RP (12, 31,37,45) and RT (46). Notably, 
parameters that amplify the risk of DM and PCSM in 
these systems include PSA-DT < 3 months, IBR < 3 years, 
and GS > 7 (12). 


Advanced Methods for PSA Detection 


In less than 40% of men, PSA levels are undetectable after 
RP (i.e. < 0.01 ng/mL, by current standards). NADIA 
ProsVue is an FDA-cleared in vitro diagnostic assay 
that uses a reporter monoclonal antibody against PSA, 
attached to a synthetic double-stranded DNA label. The 
limit of quantitation of NADiA ProsVue is 0.65 pg/mL, 
significantly lower than the most sensitive commercially 
available PSA assays. Three samples may be collected 
from patients between 6 weeks and 10 months post-RP, 
and the three samples are tested in a single ProsVue run to 
calculate the PSA velocity (47). 

The characteristics of PSA that are commonly seen 
and those that define BR are reviewed in Table 14.1. PSA 
values differ in the post-RP and post-RT settings; thus, the 
definitions of BR vary and the following factors are often 
considered: the absolute PSA level, time to recurrence, 
PSA kinetics, nomograms, imaging, and re-biopsy of the 
prostatic bed. Currently, there is no consensual BR defini- 
tion after cryotherapy, high-intensity-focused ultrasound, 
or brachytherapy (48). When diagnosing BR, a clinician 
must discern if the PSA is produced from local or systemic 
disease, as these will drive treatment recommendations. 


E SALVAGE THERAPY RISK ASSESSMENT 


Current Methods: PSA and Nomograms 


The initial step in management of BR in post-RP or 
post-RT patients is determination of the region of recur- 
rence. Recurrence sites include (a) locoregional; (b) dis- 
tant; or (c) a combination of the two. Typically, if LR is 
suspected, then the patient would likely benefit from addi- 
tional local therapy. Patients with distant recurrence alone 
may benefit from systemic therapy. 

Notably, local control is important if prostate cancer 
recurrence is suspected to be both local and systemic. 
The results of two phase III trials have demonstrated a 
survival benefit with the addition of RT to ADT (49,50) 
without impacting quality of life(51). Increased OS and 
DM free survival were seen in men who had RP and adju- 
vant RT (52). Finally, a post hoc analysis of South Western 
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Oncology Group 8894 showed that men with metastatic 
prostate cancer who had a prior RP had a better response 
to systemic treatment and improved OS (53). 

In any case, the benefit of a therapy always comes 
with a risk, be it PCSM or treatment toxicity. Currently 
no single marker can clearly delineate local from systemic 
disease. Moreover, for continuous variables (e.g., initial 
PSA, time of BR after initial therapy), overlapping time- 
frames have been published. Various individual factors are 
considered in differentiating local and systemic recurrence 
(Table 14.2). Common factors considered include ini- 
tial disease risk status (54-56), T-stage (57,58), imaging 
at time of BR (59), GS at time of BR(12,54-56, 60), PSA 
value at time of BR (61-63), IBR (12, 31,64, 65), PSA-DT 
(12, 37,57,58,63,66), and PSA velocity (67, 68). Moreover, 
life expectancy tables (69) and clinical progression nomo- 
grams (12,31,37,45,46) may be combined in computer 
programs to help determine benefits and risks of treatment. 
Current research focuses on advanced imaging techniques 
to help differentiate local from systemic recurrence. 


Future Direction: Advanced Imaging 


Currently, there is no uniformly accepted imaging 
modality that can distinguish local from systemic recur- 
rence. Traditional imaging to evaluate BR involves a 
radionuclide skeletal scintigraphy (bone scan), transrectal 
ultrasound and biopsy, CT scan, or MRI(70-73). These 
techniques may detect macroscopic disease, but they 
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have poor sensitivity for microscopic (i.e., low volume) 
disease or when PSA is < 10 ng/mL. The NCCN (71) has 
no clear recommendations for imaging in BR after RP. 
The NCCN recommends a biopsy and bone scan for 
certain men who are candidates for local therapy in BR 
after EBRT; that is, those with T1-T2, NX/0 disease, life 
expectancy > 10 years, and PSA < 10 ng/mL. 

A bone scan is probably the most common study 
requested in the setting of a rising PSA level after RP, and 
it is most useful in patients with a rapidly rising PSA (70). 
Unfortunately, probability of a positive bone scan is < 5% 
unless PSA is > 40 ng/mL, which is well above the thresh- 
old where salvage therapy is considered. MRI seems to be 
the most sensitive technique for detecting LR after RP, 
particularly in patients with a PSA < 1 ng/mL; however, 
the accuracy of MRI after RT has not been fully inves- 
tigated. Both MRI and CT may be used to plan salvage 
EBRT target volumes, though CT is otherwise not recom- 
mended. A TRUS-guided biopsy is typically not recom- 
mended because of poor sensitivity. A number of other 
imaging modalities are under investigation (Table 14.3). 


Multiparametric MRI (48, 70, 74-76) 


The role of endorectal MRI is limited in evaluation of patients 
with BR because of the low signal intensity of T2-weighted 
images in radiated tissue. Magnetic resonance spectroscopy 
(MRS) measures elevation in choline or decrease in citrate 
in prostate cancer tissue. MRS is limited by poor spatial 


E Table 14.2 Factors suggesting locoregional or distant disease in BR post-RP or post-RT 


Favoring Locoregional 


Favoring Distant 


Scenario Recurrence Recurrence Reference 
Initial disease risk status Either Low High (54-56) 
T-stage before initial Post-RT T1-2 T3-4 (57, 58) 
treatment 
Imaging at BR (CT, MRI, Either Local relapse Metastases, (59) 
choline PET) lymphadenopathy 
Biopsy GS at time of BR Post-RT <6 >7 (56) 
Post-RP <6 27 12) 
Post-RP <7 >8 (60) 
Post-RT <8 >9 (54,55) 
PSA level at time of BR Post-RT 10 >10 61) 
(ng/mL) 
Either <5 >5 (63) 
Post-RT <4 >4 62) 
IBR (months) Post-RP > 36 < 36 (12) 
Post-RP > 24 < 46 31) 
Post-RT > 18 <18 (64,65) 
PSA-DT (months) Post-RP SQ <3 57) 
Post-RP >3 <3 66) 
Either > 10 <10 (63) 
Post-RT >8 <8 (58) 
Either >3 <3 (12,37) 
PSA velocity (ng/mL/y) Either <2 >2 (67, 68) 


Abbreviations: BR, biochemical recurrence; CT, computerized tomography; DT, doubling time; GS, Gleason score; IBR, interval to biochemical 
recurrence; MRI, magnetic resonance imaging; PSA, prostate-specific antigen; PSAn, PSA nadir; RP, radical prostatectomy; RT, radiation therapy. 
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@ Table 14.3 Current and future imaging modalities that may detect the source of BR 


Modality Sensitivity (%) Specificity (%) 


Comments (References) 


Current modalities 


Skeletal scintigraphy depends on Recommended if: PSA-DT <6 m, or PSA velocity > 0.5 ng/mL, or if 
(bone scan) PSA absolute PSA > 10 ng/mL (70) 
TRUS + biopsy 75-76 66-67 Not routinely performed or recommended (70, 71) 
Detects local, not distant recurrence (70) 
Abdomen/pelvis CT 36 N/A Not routinely performed; may be used for defining salvage RT target 
volumes (70, 72) 
MRI >95 N/A Most sensitive technique for detecting local recurrence compared to 
other current modalities (if endorectal coil used) (70) 
May be used for defining salvage EBRT target volumes (73) 
MRI + subtypes (48, 70, 74-76) 
MRS 56-89 78 
DCE 84-88 89-100 Compared to T2-weighted MRI alone: sensitivity 84%-—88% vs. 
48%-61%; specificity, 89%-100% vs. 52%-82% 
DW 62 97 Compared to T2-weighted MRI: sensitivity, 62% vs. 25%, 
specificity, 97% vs. 92% 
LTNP N/A N/A Disturbed nodal architecture visible on MRI 
SPECT (48, 70, 75, 78-80) 
''1In-capromab pendetide 75-86 47-86 MAb targeting the intracellular domain of PSMA 
(ProstaScint) More sensitive than anatomic imaging at low PSA levels 
No correlation between response to salvage RT post-RP 
Tn or 77Lu -JS91 98 N/A MAb targeting the extracellular domain of PSMA 
PET (48, 70, 75, 78-80) 
'8F-FDG 50-80 72-100 Unsuccessful in practice 
'C-choline 38-85 50-90 Use not recommended for PSA < 1 ng/mL, as MRI has higher 
sensitivity in detecting LR 
Sensitivity is dependent on cancer-specific variables (e.g., high-risk 
features) 
'8F-choline 47-92 N/A Has metabolism similar to ''C-choline; has the benefit of longer half- 
life, but is limited by urinary excretion 
'8F-NaF 81-89 91-93 Compared to F-FDG PET-CT, more accurate in the detection of 


osseous Metastases 


Abbreviations: BR, biochemical recurrence; DCE, dynamic contrast enhanced; DW, diffusion weighted; "F-FDG, 18-fluorodeoxyglucose; '8F-DHT, 
'8F-dihydrotestosterone; CT, computerized tomography; LT NP, lymphotropic nanoparticle; MAb, monoclonal antibody; MRI, magnetic resonance 
imaging; MRS, magnetic resonance spectroscopy; PSMA, prostate-specific membrane antigen; PET-CT, positron emission tomography- computerized 
tomography; PSA-DT, prostate-specific antigen doubling time; RP, radical prostatectomy; RT, radiation therapy; SPECT, single-photon emission 
computed tomography; TRUS, transrectal ultrasound. 


Source: Parts of this table are adapted from Ref. (1). Zaorsky NG, Raj GV, Trabulsi EJ, et al. The dilemma of a rising PSA after local therapy: what 


are our options? Semin Oncol. 2013;40(3):322-336. 


resolution and high sensitivity to field inhomogeneities 
induced by surgical clips; and, the best diagnostic criteria 
are still unclear since normal citrate is in theory undetect- 
able after RP, thus making the classic choline-to-citrate ratio 
inaccurate (48). Dynamic contrast-enhanced (DCE) MRI 
shows favorable contrast between poorly vascularized post- 
RT fibrosis and hypervascular cancer recurrence, and it 
has a better correlation with biopsy results than those from 
T2-weighted MRI. Diffusion-weighted (DW) MRI quanti- 
fies the water motion in an indirect manner and indirectly 
measures the degree of cellular crowding. Finally, in lym- 
photropic nanoparticle (LTNP) MRI, LN-avid suprapara- 
magnetic iron oxide nanoparticles are distributed among 


the nodal architecture. In 26 men who were candidates for 
salvage RT post-RP, LTNP MRI was well tolerated, and six 
patients who were previously believed to be node negative 
tested lymph node positive (77). 


Radio-Labeled Imaging With SPECT and PET 
(48, 70, 75, 78-80) 


Radioimmunoscintigraphy uses radiolabeled monoclonal 
antibodies specific for prostate cancer epitomes, which are 
then detected with single-photon emission computerized 
tomography (SPECT). ProstaScint™ (!!'In-capromab pen- 
detide) is a murine IgG monoclonal antibody to the 
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intracellular epitope of prostate-specific membrane 
antigen (PSMA). It has unfortunately shown no correlation 
between response and salvage RT in a post-RP setting 
and no clinical utility in detecting local recurrence. J591, 
labeled with "In or Lu, is the monoclonal antibody 
targeting the extracellular domain of PSMA, and it has pro- 
vided improved imaging of bony metastases and prostatic 
fossa. 

Positron emission tomography-computerized tomography 
(PET-CT) imaging is advantageous in that it can detect LR 
and DM, but it is less sensitive than MRI in patients with 
PSA < 1 ng/mL. It is also limited by low spatial resolution and 
the tracer used. For example, !8F-FDG PET has been unsuc- 
cessful in practice. 

Recently, investigational PET tracers have shown more 
promising results. Although sensitivity of 'C-choline may 
be as high as 85%, it is dependent on PSA levels, PSA-DT, 
and high-risk features. '8F-choline has cellular metabolism 
similar to that of 'C-choline, and has the benefit of a lon- 
ger half-life (110 minutes vs. 20 minutes), which allows 
the radionuclide to be used in centers without a cyclotron. 

'8F-NaF, first approved in 1972, was eclipsed by 
*°Te-labeled phosphate bone scans, but has made resur- 
gence in 2000. Among men with BR after RP or EBRT, 
'8F-NaF PET-CT is more useful than '8F-FDG PET-CT in 
the detection of osseous metastases. The disadvantages of 
'8F-NaF include its accumulation in benign bone abnor- 
malities (e.g., degenerative joint disease and uncompli- 
cated bone cysts, which are not seen on ??™Ic-MDP scans) 
and detection of cancers other those of the prostate. The 
intracellular processes targeted by novel radiotracers are 
illustrated in Figure 14.2. 
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m CONCLUSION 


PSA screening has resulted in an increase in the overall 
incidence of prostate cancer diagnosis. While many men 
can be treated with surgery or radiation, a number of 
patients experience a rising PSA after primary therapy. 
Currently, a rise in PSA to a predetermined threshold 
signifies BR. A general assumption is that BR will lead 
to overt progression in patients over subsequent years. 
Clinicians face a number of dilemmas when encounter- 
ing a rising PSA, including how to define BR, if the BR 
comes from localized or systemic disease, the treatment 
modality that would work best for an individual patient, 
and the timing of therapy. A number of studies have been 
published to help guide clinicians through these problems, 
and more clinical trials are currently ongoing. The future 
of detecting recurrent prostate cancer will likely use more 
sensitive PSA assays and advanced imaging. 
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FIGURE 14.2 Prostate cancer cell biochemical pathways targeted by novel radiotracers. 
Source: Adapted from Ref. (81). Zaorsky NG, Yamoah K, Thakur M, et al. A paradigm shift from anatomic to functional and molecular imaging in 
the detection of recurrent prostate cancer. Future Oncol. 2014;10(3):457-474. Illustration created by Nicholas G. Zaorsky, MD. 
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E BACKGROUND 


The National Comprehensive Cancer Network (NCCN) 
classifies low-risk prostate cancer according to the following 
definition: clinical stage T1-T2a, Gleason score < 6, and/or 
PSA < 10 ng/mL (1). Excellent clinical outcomes have been 
reported with radical prostatectomy, external beam radi- 
ation therapy (EBRT), and brachytherapy in the context of 
low-risk, organ-confined prostate cancer (2—4). In the subset 
of low-risk patients who develop biochemical recurrence of 
disease (BCR) after definitive local therapy, it is often difficult 
to predict whether BCR will ultimately lead to symptomatic 
disease and/or prostate cancer-related mortality. When sal- 
vage therapies are being considered, surrogate endpoints for 
prostate cancer-specific mortality (PCSM) may be useful in 
selecting out the patients who are most likely to benefit from 
aggressive treatment. In addition, surrogates of PCSM could 
shorten the long interval of follow-up needed to complete 
clinical trials with survival as an endpoint. Currently, the 
FDA-preferred standard for approval of new therapies for 
metastatic castrate resistant prostate cancer (mCRPC) con- 
tinues to be overall survival (5). This highlights the impor- 
tance of surrogates for survival when studying treatment 
approaches for men with organ confined prostate cancer, as 
survival can be measured in decades after initial BCR. 


mM SURVIVAL AFTER PSA RECURRENCE 
AFTER DEFINITIVE TREATMENTS OF 
LOW RISK PROSTATE CANCER 


PSA screening is associated with a lead-time of between 
5 and 11 years(6). The fact that biochemical recurrences 
are demonstrated after treatments for low-risk prostate 


Prognosis After Biochemical 
Failure and Surrogate 
Endpoints for Prostate 
Cancer-Specific Mortality 


cancer speaks to the heterogeneity of the disease process 
itself and the need to follow outcomes in the pre- and post- 
PSA era(7,8). In the PSA era, biochemical recurrence is 
demonstrated much sooner than clinical local recurrence 
or metastatic disease (9). Although biochemical recurrence 
is associated with prostate cancer-specific mortality, as 
one often will not occur without the other, it is not pre- 
dictive because relatively few men will actually die of the 
disease itself(10,11). Despite reassurance that many men 
will “die with” rather than “die from” prostate cancer, 
this offers little solace to a man faced with a BCR. The 
varied natural history of biochemically recurrent prostate 
cancer lends itself to the use of surrogates to help guide 
additional therapies and predict for men who are at risk of 
dying from the disease. 

The impact of a BCR in the U.S. veteran population 
has been reported (10). The caveat of this study is that the 
Veterans Affairs population has a twofold higher burden 
of comorbidities (12) and patients who received radiation 
rather than radical prostatectomy were older, had more 
comorbidities, higher Gleason scores, more extensive 
cancer, and higher pretreatment PSA values. Among men 
undergoing a prostatectomy, the biochemical recurrence 
rates (greater than 0.4 ng/mL) were 34%, 37%, and 37% 
and PCSM was 3%, 11%, and 21% at 5, 10, and 15 years, 
respectively. In patients receiving radiation therapy, the 
biochemical recurrence rates (nadir plus 2 ng/mL) were 
35%, 46%, and 48% and PCSM was 11%, 20%, and 42% 
at 5, 10, and 15 years, respectively. This is in stark contrast 
to a reported 0% and 1% mortality at 15 years in men 
without a biochemical recurrence undergoing surgery or 
radiation, respectively. 

Clinicians and patients benefit from an under- 
standing of the natural history of prostate cancer after 
biochemical failure following definitive therapy. Pound 
and colleagues (9) reported the natural history of PSA 
recurrences in a large radical prostatectomy cohort 
with organ-confined disease not exposed to hormonal 
therapy or salvage radiation. The actuarial metastatic 
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free survival of the 1997 patient cohort was 82% at 15 
years after surgery. Fifteen percent of men had biochem- 
ically recurrent disease and of these men 34% developed 
metastatic disease. The median time from PSA fail- 
ure to metastatic disease was 8 years and the median 
time to death after metastatic disease was 5 years. This 
underscores the long natural history of prostate cancer 
after PSA failure. Although the majority of men with a 
PSA recurrence did not die of their disease, the median 
time to death was 13 years in patients who developed 
a PSA recurrence and ultimately developed metastatic 
disease. Additionally, Johns Hopkins reported outcomes 
of 3,096 men who underwent a prostatectomy from 
pioneering urologic surgeon Dr. Patrick Walsh (13). 
Although the generalizability from a single surgeon is 
reduced, the outcomes are still of interest. Among patients 
withaBCR, the mediantimetoPSA recurrence was 2 years, 
the median time from PSA recurrence to metastasis was 
3 years and from metastatic disease to death was 7 years. 
Nomograms have been created to predict 15 year PCSM. 
The most important prognostic factors include Gleason 
grade 4 and 5, seminal vesicle involvement, and surgical 
year. Surgical year underscores the importance of compar- 
ing outcomes in the pre-PSA and PSA era. By Gleason score 
the 15 year PCSM ranges as follows: (3+3) 0.2% to 1.2%; 
(3+4) 4.2% to 6.5%; (4+3) 6.6% to 11%; and (8-10) 26% to 
37% (14). In men with a documented BCR, the median time 
from RP to death was 14 years. Again this emphasizes the 
long natural history of BCR in patients treated for organ- 
confined prostate cancer and need for surrogates to shorten 
the duration of clinical trials with survival as an endpoint. 


E WHAT MAKES A GOOD SURROGATE? 


For a surrogate to be clinically useful in predicting PCSM, 
several criteria need to be fulfilled. Not only must the 
surrogate statistically predict PCSM, it must do so in a 
time frame that would allow for a meaningful shortening 
of a clinical trial using the surrogate (15-17). The surro- 
gate would also need to satisfy the Prentice criteria for 
surrogacy (18), which state that the surrogate must be 
prognostic for PSCM and also be independent of the treat- 
ment received. In this regard, the surrogate can predict 
for PCSM, without influence from the treatment arm into 
which a man may have been randomized. 


E PSA KINETICS AS A PREDICTOR 
OF PCSM AFTER DEFINITIVE LOCAL 
THERAPY 


Although BCR is observed in the treated low-risk popu- 
lation, the likelihood of prostate cancer-related death 
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is relatively small. Arvold and colleagues estimate the 
12-year cumulative incidence of PCSM to be less than 
1% in the low-risk stratum of patients treated with either 
prostatectomy or brachytherapy(11). This observation 
is likely attributable to the generally long natural his- 
tory of isolated BCR. Freedland et al. report a median 
interval in excess of 16 years from PSA recurrence to 
prostate cancer death in patients who fail biochemi- 
cally after prostatectomy (19). Even so, this interval is 
known to be highly variable, with some deaths being 
reported as early as 1 year after BCR (19, 20). This high- 
lights the valuable role a surrogate endpoint may play 
in the appropriate selection of biochemically relapsed 
patients for additional therapy or potentially protocol 
enrollment. 

Absolute PSA values have not proven to be a reliable 
predictor of PCSM and can be problematic because of 
the varying definitions of biochemical failure used for 
different treatment modalities (21-23). PSA kinetics on 
the other hand have routinely been shown to predict for 
clinical outcome after BCR in the setting of both surgery 
and radiation therapy. Makarov and colleagues demon- 
strated that a PSA doubling time (PSADT) < 3 months 
was predictive of PCSM in men who developed meta- 
static prostate cancer after undergoing radical prostatec- 
tomy (24). In other studies, postprostatectomy PSADT 
has also been shown to correlate with probability of 
developing distant metastatic disease (9). D’Amico et 
al. showed a similar trend in the population of patients 
who received definitive EBRT, where a posttreatment 
PSADT of < 6 months was shown to be associated with 
a significantly shorter survival in patients experienc- 
ing biochemical failure (25). In a much larger cohort of 
patients where 5,918 received radical prostatectomy and 
2,751 received definitive radiation for local or locally 
advanced, nonmetastatic prostate cancer, D’Amico 
demonstrated that a PSADT of < 3 months was signifi- 
cantly associated with time to prostate cancer-specific 
mortality. 

Assessment of a PSADT < 3 months as a surro- 
gate for PCSM met the Prentice criteria for surrogacy 
as it was prognostic of survival and independent of the 
treatment received in terms of prostatectomy or radi- 
ation(26). A retrospective analysis of the TROG 96.01 
trial has shown findings consistent with those observed 
by D’Amico(27). This study evaluated a group of 802 
patients with locally advanced prostate cancer who 
developed BCR after definitive EBRT with or without 
neoadjuvant androgen deprivation therapy (ADT) and 
demonstrated that PSADT < 4 months as well as time 
to biochemical failure of less than 1 year were predic- 
tive of a poor clinical outcome. More recently, D’Amico 
analyzed the pooled data from two randomized con- 
trolled studies, including the TROG 96.01 data and the 
Dana Farber Cancer Institute experience, which showed 
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a statistical and clinically significant reduction in PCSM 
that favored 6 months of ADT over radiation alone in 
the intermediate-risk population. Two surrogates for 
PSCM emerged, both satisfying the Prentice criteria 
for surrogacy: the PSA end and PSA nadir values of 
> 0.5 ng/mL. This led the authors to conclude that after 
radiation and 6 months of ADT, patients with a PSA 
end value exceeding 0.5 ng/mL should be considered for 
long-term ADT and those with a PSA nadir of >0.5 ng/ 
mL should be considered for inclusion in randomized 
trials investigating drugs that have shown promise in the 
treatment of mCRPC (28). 

In addition to being predictive of PCSM after local 
therapy, PSA kinetics have also been shown to correlate 
with PCSM in the subgroup of patients who are salvaged 
with AST after experiencing a postoperative or postra- 
diation BCR. Rodrigues et al. examined a population 
of patients treated with either prostatectomy or EBRT 
and subsequently salvaged with AST for BCR (29). They 
found that a pre-AST PSADT < 6 months was associ- 
ated with an increased risk of PCSM. Other studies have 
demonstrated that the rate of PSA decline after initiation 
of AST is also predictive of PCSM. One such study 
evaluated a group 585 men who were initiated on AST 
for rising PSA after either surgery or radiation therapy 
and found that the time to undetectable PSA was signifi- 
cantly associated with PCSM (30). 

PSADT is perhaps the most extensively studied 
surrogate endpoint for PCSM, but other descriptors 
of PSA kinetics continue to emerge for this purpose. 
One such parameter is the interval to biochemical failure 
(IBF) after local therapy. A shorter IBF has consistently 
been shown to portend a greater incidence of distant 
metastasis and PCSM. Large prostatectomy series have 
demonstrated that a time from surgery to biochemical 
recurrence of < 3 years was significantly associated 
with higher risk of PCSM (19). Similarly, IBF has been 
shown to be a reliable predictor of clinical failure and 
death in patients treated with EBRT. Buyyounouski 
and colleagues reported that an IBF of < 18 months 
was independently predictive for distant metastasis 
and PCSM after definitive EBRT (31). An IBF of < 18 
months has also been associated with a higher risk of 
distant metastasis, PCSM, and overall mortality in 
patients receiving salvage radiation therapy following 
prostatectomy (32). 

Although the association between PSA kinetics and 
treatment outcome is readily apparent from the aforemen- 
tioned data, the clinical utility of this information has not 
been clearly formulated to date. This is at least partially 
related to the variability in both the timing and the meth- 
odology used to calculate PSA trajectory. For example, 
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there are several different approaches to the calculation of 
PSADT alone (33, 34). At the present, it seems reasonable 
to calculate PSADT using a validated metric and to use 
the information judiciously as a means of identifying those 
patients who may benefit from intensified salvage therapy 
or a clinical trial. 


m PATHOLOGIC FEATURES AS A 
PREDICTIVE TOOL FOR PROSTATE 
CANCER-SPECIFIC MORTALITY 


In addition to PSA kinetics, pathologic features have been 
used to predict clinical outcome in patients treated for 
localized prostate cancer. Eggener and colleagues exam- 
ined a database of 11,521 patients and identified sem- 
inal vesicle involvement and primary/secondary Gleason 
score of 4-5 as the prime pathologic determinants of 
PCSM after radical prostatectomy (14). The University 
of California, San Francisco, Cancer of the Prostate Risk 
Assessment Postsurgical (CAPRA-S) score was developed 
to use a composite of various pathologic features (PSA, 
surgical margins, seminal vesicle invasion, Gleason score, 
extracapsular extension, and lymph node involvement) to 
predict recurrence and mortality after prostatectomy (35). 
Recently, the CAPRA-S score was validated externally 
on a large, multi-institutional, external database (36). 
Unfortunately, scoring systems such as CAPRA-S are not 
generalizable to the population of patients who choose 
nonsurgical treatment modalities. Seminal vesicle biop- 
sies are not routinely performed and the standard 12-core 
transrectal ultrasound (TRUS)-guided prostate biopsy 
is known to underestimate Gleason score in a signifi- 
cant proportion of cases, making these scoring systems 
appropriate only for patients who have undergone surgical 
staging (37). 


m CONCLUSIONS 


Even in the low-risk stratum of prostate cancer patients, 
treatment is generally recommended because noncurative 
approaches appear to be associated with an increased risk 
of PCSM (38). Treatment outcomes with low-risk, organ- 
confined prostate cancer are excellent, though there is a 
nontrivial risk of BCR after therapy (2-4). The likelihood 
that BCR will translate into a prostate cancer-related 
death is small in the low-risk population, but PSA kin- 
etics can be used as a surrogate endpoint (Table 15.1) to 
select patients who might benefit from aggressive salvage 
therapy (11, 24-32). 
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E Table 15.1 


Surrogate Endpoint 
PSADT 


IBF 


PSA nadir 


SVI or 1°/2° GS 4-5 


Clinical Context 


Metastatic disease after 
prostatectomy(24) 


Post-prostatectomy with 
BCR(9) 


Post-radiation therapy with 
BCR(25) 


Post-radiation therapy with 
BCR(27) 


Post-radiation therapy or post- 
prostatectomy with BCR(26) 


Post-radiation therapy or post- 
prostatectomy with BCR, prior 
to starting ADT(29) 


Post-prostatectomy with 
BCR(19) 


Post-radiation therapy with 
BCR(31) 


Following salvage radiation 
post-prostatectomy(32) 


Post-radiation therapy with 6 
months of ADT(28) 


Post-prostatectomy final 
pathology (only applicable to 
surgical staged patients)(14) 


Surrogate endpoints for prostate cancer-related mortality and morbidity 


Predicted Outcome Cut-Point 
PCSM < 3 months 
Metastatic disease N/A 
Mortality < 6 months 
PCSM < 4 months 
PCSM < 3 months 
PCSM < 6 months 
PCSM < 3 years 
PCSM & DM < 18 months 
PCSM, DM, & Mortality < 18 months 


PCSM 


PCSM 


> 0.5 ng/mL 


N/A 


Abbreviations: PSADT-prostate-specific antigen doubling time; IBF-interval to biochemical failure; DM-distant metastasis; SVI-seminal vesicle 
involvement; GS-Gleason score. 
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E INTRODUCTION 


Contemporary options for the initial treatment of high-risk 
localized prostate cancer (as defined by any of the following 
features: clinical state T2c-T4, Gleason score > 8, or PSA 
> 20) include radiation therapy with long-term androgen 
deprivation therapy (ADT) or prostatectomy with pelvic 
lymph node dissection followed by adjuvant radiation with 
or without ADT contingent upon postsurgical pathologic 
findings and postoperative biochemical testing. The two 
major categories of radiation therapy for prostate cancer 
are external beam radiation therapy (EBRT), where radia- 
tion beams generated by a machine outside the body are 
directed toward the cancer cells, and brachytherapy, with 
the placement of radioactive material inside the body near 
the cancer cells. The goal of radiation therapy is to deliver 
a cancer-sterilizing radiation dose to the treatment target, 
which may include the prostate, seminal vesicles, and/ 
or pelvic lymph nodes, while limiting dose to surround- 
ing normal tissue including bladder, bowel, erectile tissue, 
and the femoral heads. Minimizing dose to surrounding 
normal tissue is critical as the risk of toxicity from radia- 
tion therapy is a direct consequence of the amount of 
inadvertent radiation dose delivered to these tissues. With 
brachytherapy, a radioactive source is implanted directly 
into the prostate gland to administer a high dose of radia- 
tion directly to the prostate while minimizing radiation to 
normal tissues. Observational series suggest brachytherapy 
may have an important role in combination with EBRT and 
ADT for the management of select patients with high-risk 
prostate cancer. There is abundant evidence that higher 


Treatment of High-Risk 
Prostate Cancer: The Role of 
Low-Dose Rate (LDR) and 
High-Dose Rate (HDR) 
Brachytherapy 


radiation doses are required to optimize local cancer control 
and improve cancer-free survival in men with localized 
prostate cancer (1-3). Brachytherapy allows a higher dose 
of radiation to be given to the target area while minimiz- 
ing radiation exposure to the surrounding normal tissues. 
Compared with EBRT, brachytherapy has the advantage of 
delivering high doses of radiation directly to intraprostatic 
and periprostatic tissue, without having to traverse normal 
structures to reach the prostatic target. Furthermore, pros- 
tate brachytherapy is a more convenient treatment option 
for patients compared with EBRT (i.e., the procedure can be 
completed in perhaps a single outpatient visit). The compar- 
ative disadvantages of brachytherapy include the inherent 
dependence on practitioner skill level, short-term prostate 
edema related to multiple needles placed into the prostate 
for delivery of radiation sources, application of spinal or 
general anesthesia, and the concern that the sharp dose 
gradient provided by brachytherapy may undertreat cancer 
spread beyond the planned treatment area (4). Due to con- 
cerns for the latter, brachytherapy is often combined with 
EBRT in men with high risk of extra-prostatic spread (5, 6). 
Prostate brachytherapy can be delivered through permanent, 
low-dose rate (LDR) radiation seeds or a temporary high- 
dose rate (HDR) radiation source. This article will review 
the indications, techniques, and outcomes from LDR and 
HDR prostate brachytherapy for high-risk prostate cancer. 


E PATIENT SELECTION 
FOR BRACHYTHERAPY 


The selection of brachytherapy for a patient with high- 


risk localized prostate cancer is based on technical feasi- 
bility, the absence of coexistent urinary conditions, and 
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the ability of the implanted radiation to encompass areas 
of known disease. 


Prostate Size 


A large prostate gland (generally defined as a transrectal 
ultrasound volume greater than 60 cc) is a relative con- 
traindication to brachytherapy due to the consistent 
finding that a larger prostate confers a greater risk of 
postprocedure urinary retention (7-14). Furthermore, a 
large prostate gland may prevent proper radiation source 
placement as a consequence of pelvic bone interference. 
Subsequently, the target might receive suboptimal radia- 
tion dose along the periphery and excessive dose to central 
structures such as the urethra. In the setting of high-risk 
prostate cancer, the therapeutic advantages of using ADT 
with radiation neoadjuvantly, concurrently, and adjuvantly 
with radiation therapy also allow for a period of cytore- 
duction prior to radiation treatment (15,16). Neoadjuvant 
ADT is a successful strategy for reducing prostate volume, 
typically resulting in an approximate 30% reduction in 
prostate size (17-19). 


Baseline Lower Urinary Tract Symptoms (LUTS) 


Higher levels of urinary morbidity after brachytherapy 
may be manifested by an increase in prostate-related 
symptoms or the development of acute urinary retention. 
The International Prostate Symptom Score (IPSS) was 
originally developed for evaluation of LUTS associated 
with benign prostatic hypertrophy (20). Scores greater 
than 15 out of 35 are associated with a greater risk of 
acute urinary retention (21-23). Other objective measure- 
ments of urinary function, such as peak urine flow rate, 
have also shown value for patient selection (14). 


Other Considerations 


Other relative contraindications for prostate brachytherapy 
include a history of prior rectal surgery, pelvic radiation 
therapy, prior prostate surgery including transurethral 
resection, unacceptable risk from anesthesia application, 
or inflammatory bowel disease. 


E LDR 


LDR brachytherapy is currently indicated for men with 
high-risk prostate cancer when used in combination with 
EBRT and ADT (24), where supplemental EBRT is deliv- 
ered to a total dose of 40 to 50 Gy over approximately 5 to 
6 weeks. Observational studies suggest that a strategy such 
as this, oftentimes referred to as “trimodality” therapy, is 
well tolerated and effective treatment strategy for high-risk 
prostate cancer (25-28). Stone et al. published excellent 
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results using trimodality therapy with the combination of 
9 months ADT, 45 Gy EBRT, and an LDR brachytherapy 
boost (28). Biochemical freedom from failure at 5 years was 
significantly related to the biologic effective dose (76%, 
84%, and 88% for doses <200, 200 to 220, and >220 Gy, 
respectively). In men with Gleason 8 to 10 cancers, there 
was a trend toward improved 5-year overall survival based 
on dose (87%, 89%, and 95%, respectively). While these 
results are excellent, it should be noted that no consistent 
advantage has been demonstrated from trimodality ther- 
apy over ADT+EBRT or surgical alternatives. Although 
EBRT is generally performed 0 to 8 weeks before brachy- 
therapy, recent reports have demonstrated the viability 
of initial brachytherapy implant followed by EBRT. No 
studies have investigated the sequencing or time interval 
between brachytherapy and EBRT. 

Two generally accepted philosophies have emerged 
with respect to LDR prostate brachytherapy treatment 
planning. In the first method, intraoperative or real-time 
treatment planning, all procedures are carried out in the 
operating room on the day of the procedure. These pro- 
cedures include setting up the patient, determining the 
prostate volume, planning treatment, and implanting 
the patient with preordered radioactive sources. In the 
second method, preplanning, the prostate implant process 
is broken up into two separate stages. In the first stage, 
the patient undergoes an ultrasound simulation, often 
referred to as a volume study. The simulation consists of 
setting up the patient in an identical position to position- 
ing at the time of the procedure, determining the pros- 
tate volume and cranial to caudal length, evaluating for 
pelvic bone interference, and deciding whether the patient 
is a candidate for prostate brachytherapy. Upon comple- 
tion of the simulation, the patient is discharged home and 
returns for the procedure at a later date, typically within 
2 to 4 weeks. During this period, a treatment plan is gen- 
erated and seeds are ordered based on the treatment plan 
needle loading pattern. Quality assurance is performed on 
the seeds, which are stranded, placed into needles, and 
sterilized. In the second stage of the preplanning method, 
patients are set up in the operating room in an identical 
position to that in their simulation and implanted based on 
the treatment plan. The relative advantages and disadvan- 
tages of each approach have been the subject of extensive 
debate (29-32). Proponents of the preplanning technique 
cite cost-effectiveness as a result of all treatment planning 
and quality assurance being performed outside the operat- 
ing room. Commonly cited advantages of intraoperative 
treatment planning over preoperative planning include 
improved accuracy of prostate volume studies, elimination 
of the need for a preplan volume study, and the ability to 
adjust to unanticipated operative findings. Proponents of 
the intraoperative approach suggest that these advantages 
result in improved consistency and quality, as assessed by 
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postimplant dosimetry (33). Although real-time dosim- 
etry provides immediate feedback to connect the planned 
distribution with the final result, imaging at present is 
not adequate for seed-based real-time dosimetry (34). 
Furthermore, needle-based dosimetry does not correlate 
well enough to replace CT-based postplan dosimetry (35). 
Hybrid approaches in which the treatments are planned 
on the basis of preoperative imaging with brachytherapy 
treatment planning software on hand in the operating 
room in case variation from the predefined treatment 
plan is necessary (intraoperative optimization) are also an 
option for LDR brachytherapy delivery (36). 

Regardless of the timing for treatment planning, the 
parameters required to achieve a high-quality implant are 
similar. Preplan parameters vary considerably but as a 
general guideline, >99% of the prostate should receive the 
prescription dose. There are currently three LDR brachy- 
therapy sources routinely used for permanent prostate 
brachytherapy: I-125, Pd-103, and Cs-131. The half-lives 
and dosimetry profiles of each isotope are disparate. As a 
result, the recommended prescription doses for use in com- 
bination therapy with EBRT are different for each isotope 
(I-125 110 Gy, Pd-103 100 Gy, and Cs-131 85 Gy). There 
is no evidence that one source allows for better outcomes 
over another (37-43). The planning target volume (PTV) 
represents an expansion of the prostate. This expansion is 
generally on the order of 3 to 5 mm. No margin is recom- 
mended at the prostate-rectal interface. The prescription 
dose should cover more than 95% of the PTV. CT-based 
postplan evaluation is usually performed either immedi- 
ately after the procedure or within 2 to 6 weeks following 
the procedure. 

The advantage of early (day 0) dosimetry is the pro- 
vision of immediate feedback which might allow for 
prompt remediation action if the resultant assessment is 
suboptimal. However, post-procedural edema and risk of 
subsequent seed migration may ultimately result in less 
favorable dosimetry (44,45). Prostate edema typically 
resolves by 4 weeks postprocedure (45), potentially provid- 
ing a more accurate representation of dose delivery with 
longer half-life isotopes, such as I-125. Dose to the rectum 
and urethra should also be systematically calculated and 
reported as part of the postplan quality assurance pro- 
cess. Several dosimetry quantifiers have been described for 
organs at risk (46). For the rectum, the RV100 (volume of 
rectum receiving the prescription dose) is commonly used 
and should be less than 1 cc. 


E HDR 


HDR brachytherapy is a validated means to escalate 
radiation dose in men with high-risk prostate cancer (47). 
Comparatively, HDR may have several advantages over 
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LDR brachytherapy for prostate cancer such as: (a) The 
overall treatment time is drastically reduced with HDR 
brachytherapy, thereby eliminating uncertainties created 
by edema and other prostate volume changes following 
the procedure. (b) HDR treatment planning allows for 
three-dimensional reconstruction and optimization of the 
amount of time/dose delivered by the brachytherapy source 
(Ir-192) in multiple positions within each brachytherapy 
needle. The ability to control dose inhomogeneity may be 
valuable toward increasing tumor dose while minimizing 
dose delivery to organs at risk. (c) A prevailing hypotheses 
supports the use of higher dose delivery over time for pros- 
tate cancer. HDR treatment is usually completed in about 6 
to 8 minutes, with a dose rate of about 100 Gy/hr. This dose 
rate is similar to that delivered with conventional EBRT 
and about 1,000 times higher than that for LDR brachy- 
therapy. The relatively high biologic dose delivered in a 
short period of time may increase prostate cancer cell kill 
relative to normal tissue injury as modeled by differences 
in radiation response between tissue these types (48,49). 
(d) A single HDR radiation source is capable of delivering 
treatment to multiple patients, whereas LDR brachyther- 
apy requires radioactive sources to be purchased for each 
individual patient. Therefore, HDR brachytherapy may 
be a more cost-effective method. (e) Patient-specific radia- 
tion safety recommendations are not required for HDR, 
as patients are not radioactive following the procedure, as 
is the case with LDR brachytherapy. Conversely, adminis- 
tration of HDR brachytherapy often necessitates hospital 
admission and monitoring between fractions or multiple 
procedures to complete the prescribed course of therapy. 
The feasibility of combining HDR brachytherapy with 
EBRT for high-risk prostate cancer was evaluated in a mul- 
ticenter study conducted by the radiation therapy oncol- 
ogy group (RTOG 0321) (50). Men with high-risk prostate 
cancer were treated with EBRT (45 Gy over 25 fractions) 
plus HDR brachytherapy boost (19 Gy in two fractions). 
Ata median follow-up of 2.5 years, 125 patients were eval- 
uable. The rate of late grade 3 or greater gastrointestinal 
or genitourinary adverse events was 2.6% at 18 months. 
The combination of HDR and EBRT has been compared 
with EBRT alone in two small randomized trials. Sathya et 
al. reported the results of 104 patients with clinical stage 
T2 and T3 prostate cancer without evidence of metastatic 
disease. Participants were randomly assigned to EBRT 
(66 Gy in 33 fractions over 6.5 weeks) vs. EBRT (40 Gy 
in 20 fractions over 4 weeks) with a 35 Gy HDR boost 
delivered over 48 hours(6). The median follow-up was 
8.2 years. In the HDR boost plus EBRT arm, 17 patients 
(29%) experienced biochemical or clinical failure com- 
pared with 33 patients (61%) in the EBRT only arm 
(P = .0024). Eighty-seven patients (84%) had a postradia- 
tion biopsy; 10 (24%) of 42 in the HDR boost plus EBRT 
arm had a positive biopsy compared with 23 (51%) of 
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45 in the EBRT arm (odds ratio, 0.30; P = .015). Overall 
survival was over 90% for both treatment regimens. 
Hoskin et al. randomized 220 men with prostate can- 
cer and a PSA < 50 ng/mL to receive either EBRT alone 
(55 Gy in 20 fractions over 4 weeks) or EBRT (35.75 Gy 
in 13 fractions over 2.5 weeks) followed by an HDR boost 
of 17 Gy in two fractions over 24 hours(51,52). With a 
median follow-up of 30 months, a significant improve- 
ment in actuarial biochemical relapse-free survival was 
seen in favor of the combined EBRT plus brachytherapy 
schedule (P = .03). A lower incidence of acute rectal dis- 
charge was seen in the EBRT plus brachytherapy group 
(P = .025) and other acute and late toxicities were equiva- 
lent. Patients randomized to HDR brachytherapy had a 
significantly better FACT-P score at 12 weeks (P = .02). 
The interpretation of these trials is complicated by the 
variable dose and fractionation schedules used with EBRT 
and HDR brachytherapy, as well as the small size and 
short follow-up of these trials. 

Despite the inconclusive application of the randomized 
data toward current management of high-risk prostate 
cancer, multiple prospective series have validated HDR 
brachytherapy boost as a robust, safe, and reproducible 
method of dose escalation for prostate cancer. Kestin et al. 
reported a dose-response relationship for HDR brachy- 
therapy boost combined with 46 Gy EBRT (53). The best 
results were seen for two fractions of 10.5 Gy, especially in 
men with larger tumor volumes. Demanes et al. reported 
10-year biochemical control of 62% for men with high- 
risk prostate cancer using EBRT 36 Gy in 20 fractions plus 
two HDR implants providing two fractions each of 5.5 to 
6 Gy (total HDR boost 22 to 24 Gy) (54). Recent publica- 
tions suggest a 5-year biochemical control advantage of 
EBRT and HDR brachytherapy compared with intensity- 
modulated radiotherapy for high-risk prostate cancer 
(93% vs. 71%) (55). On multivariate analysis, the use of a 
HDR brachytherapy boost was an independent predictor 
of PSA relapse-free survival (P = .0012). 

Since high-risk patients are well represented in HDR 
brachytherapy series, the use of ADT is often consid- 
ered. Galalae et al. reported on 611 patients treated at 
three institutions, of whom 177 received a short course 
of neoadjuvant and concurrent ADT (56). The 5-year bio- 
chemical control was 69% for high-risk disease. In uni- 
variate and multivariate analyses, the use of ADT did not 
affect outcome. Martinez et al. expanded this series in 
1260 patients with intermediate or high-risk prostate can- 
cer (57). Forty-three percent of all patients received ADT 
for 3 to 6 months. The 8-year biochemical control was 
85% with ADT and 81% without ADT. However, distant 
metastases were seen more frequently in men who received 
neoadjuvant ADT 16.6% versus 7.3%. A short course 
of ADT was also associated with an increased risk of 
cancer-related mortality. While many HDR series include 
a proportion of patients who received trimodality therapy, 
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the benefit of ADT to EBRT plus HDR for high-risk 
prostate cancer has not been clearly demonstrated. Given 
an established survival advantage with the combination of 
ADT and EBRT, ADT will continue to play a role in the 
management of high-risk prostate cancer despite a lack of 
evidence specifically addressing the trimodality therapy. 
Randomized trials will be needed to define value and/or 
optimal duration of ADT in trimodality therapy. 


E SUMMARY 


For men with high-risk prostate cancer, EBRT plus prostate 
brachytherapy is a viable and highly effective means of 
intraprostatic dose escalation. As an extrapolation from 
randomized trials of EBRT+ADT, strong consideration 
should be given toward inclusion of ADT in combination 
treatments. HDR/LDR prostate brachytherapy will likely 
continue to be important tools for optimal dose delivery. 
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E INTRODUCTION 


Despite the recent major controversy regarding prostate- 
specific antigen (PSA) screening for prostate cancer early 
detection, serum PSA is a sensitive and specific marker for 
prostate tissue and is the hallmark test for monitoring men 
after treatment. Monitoring PSA after treatment of local- 
ized prostate cancer typically leads to the identification 
of men with a PSA-only (biochemical) recurrence prior to 
the development of symptoms or signs of locally recur- 
rent or metastatic disease, and no radiological evidence of 
recurrent disease may be identifiable even with detailed 
evaluation. This has been a hot topic since the early to 
mid-1990s. As a result, intense interest has been focused 
on workup and treatment, with attention on both survival 
and the impact of therapy on quality of life. 

From a multidisciplinary standpoint, PSA-only recur- 
rence is one of the topics and disease states that stimulate 
discussion and collaboration between urologic surgeons, 
radiation oncologists, and medical oncologists. Many a 
multi-D tumor board has dealt with this issue in many 
variations. In this chapter, I will intersperse case discus- 
sions to further emphasize key teaching points. 


E DEFINITION OF BIOCHEMICAL 
PROGRESSION 


The definition of PSA-only recurrence depends on the ini- 
tial treatment modality. For radical prostatectomy (RP) 
patients, all prostate tissue is supposed to be removed dur- 
ing a successful radical prostatectomy. Postoperatively, 
detectable serum PSA using standard immunoassays is 
indicative of residual prostatic tissue, which presumably 
represents loco-regional or systemic cancer or possibly 
benign residual tissue only(1). Whether such disease is 
locally confined to the pelvis or represents systemic metas- 
tases is an important distinction with significant implica- 
tions for patient management. If the serum PSA never falls 
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to undetectable levels or is rising rapidly, systemic disease 
is more likely than residual disease in the prostate or pros- 
tatic bed (2,3). In contrast, if the PSA gradually rises after 
remaining undetectable for 2 or more years, an isolated 
local recurrence in the prostatic bed or prostate is more 
likely (3,4). The most widely accepted criterion for patients 
who have undergone radical prostatectomy is that of the 
American Urological Association (AUA) (5). According to 
AUA guidelines, a biochemical recurrence is defined as a 
serum PSA > 0.2 ng/mL, which is confirmed by a second 
determination with a PSA > 0.2 ng/mL. 

For radiation therapy (RT), the definition of biochemi- 
cal failure is more complicated than following radical 
prostatectomy. Some normal prostatic glandular tissue 
remains and serum PSA levels are unlikely to fall to unde- 
tectable levels following a course of RT. The interpreta- 
tion of serum PSA levels is also complicated by the use 
of androgen deprivation therapy (ADT) in some patients 
with intermediate-or high-risk disease. The decline in 
serum PSA following RT is gradual and the mean time 
for the PSA to reach its nadir is 18 months or longer (6). 
The rate of decline in the serum PSA does not appear to 
correlate with the risk of subsequent disease relapse. The 
nadir of the serum PSA concentration (i.e., the lowest level 
to which it drops) is a strong indicator of treatment suc- 
cess following RT (7-11). Although lower nadir values are 
associated with improved outcomes, no absolute level can 
distinguish treatment success from treatment failure (6). 

To standardize serum PSA testing for outcome assess- 
ment following RT, a 1996 American Society for Radiation 
Oncology (ASTRO) consensus panel defined biochemical 
recurrence following definitive RT as occurring after three 
consecutive PSA rises following a nadir(12). The date of 
biochemical failure was halfway between the nadir and the 
date of first rise or any rise great enough to provoke the 
initiation of therapy. A second consensus conference was 
held by ASTRO in 2005 to address issues that had been 
identified in the 1996 definition of PSA failure (13). PSA fail- 
ure was defined in the revised Phoenix criteria as follows: 
A PSA rise by 2 ng/mL or more above the nadir PSA is con- 
sidered the standard definition for biochemical failure after 
external beam RT, regardless of whether a patient receives 
ADT. The date of failure is defined by the date when the 
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PSA goes to nadir +2 ng/mL. Serum PSA levels typically 
fall after RT and can then rise (“bounce”) transiently, at a 
median of 12 to 18 months after treatment (14). This PSA 
bounce can occur in the absence of recurrent disease and 
does not necessarily signify a treatment failure or consti- 
tute an indication for therapeutic intervention. The PSA 
bounce phenomenon has been observed after low-dose rate 
(LDR) brachytherapy (15), high-dose rate (HDR) brachy- 
therapy(16), and external beam RT (17,18). The frequency 
with which such PSA bounces are observed varies, depend- 
ing on the definition used (15,17). The most extensive data 
on the PSA bounce phenomenon come from a consecutive 
series of 820 patients treated with LDR brachytherapy (19). 
The incidence of PSA bounce decreased with an increasing 
threshold to define a PSA bounce (30%, 20%, 13%, and 
10%, respectively, using definitions of 0.2, 0.4, 0.6, and 
0.8 ng/mL). Regardless of the definition used, PSA bounces 
occurred significantly earlier when compared with a bio- 
chemical failure, as defined by a PSA rise >2 ng/mL above 
nadir (15-17 vs. 34 months). The clinical implications of 
a PSA bounce are uncertain. Although some studies have 
shown an improved prognosis in patients who experience a 
PSA bounce (19-22), other studies have reported in a worse 
prognosis in this setting(23,24). There are no definitive 
methods to distinguish a PSA bounce from recurrent can- 
cer. If an increase in the serum PSA is observed, the patient 
should be given reassurance, and the PSA can be repeated 
in 3 to 6 months. If the serum PSA continues to increase, a 
repeat biopsy can be considered, although the interpretation 
of a prostate biopsy performed following RT is difficult. 


Definition of PSA Only Recurrence 
Case Scenarios 


A 56-year-old white male had a radical prostatectomy 
2 years ago and had pT3a pNO Gleason 3 + 4 = 7 dis- 
ease and 12% tumor volume. He had one isolated 3-mm 
posterior-lateral positive surgical margin. His initial post- 
operative PSA level was <0.1 ng/mL at 3 months postop. 
He has regained full urinary control and has erections suf- 
ficient for intercourse with the use of a low-dose PDE-5 
inhibitor. He was lost to follow up and now his PSA is 
0.3 ng/mL. What should be done? 


Immediate salvage radiation to the prostate bed 
Close observation with PSA levels every 3 months 
Complete androgen blockade 

ProstaScint scan, CT scan, and bone scan. 
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Answer: b: This patient may have a PSA-only recur- 
rence, but his PSA of 0.3 could also represent residual 
benign tissue in the prostate bed area especially since he 
had Gleason 3 + 4 = 7 and one isolated positive margin. 
There is no harm in following him closely and institut- 
ing salvage EBRT when his PSA goes to about 0.5 ng/mL. 
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Complete hormonal therapy would be overtreatment at 
this time and the full metastatic workup would be a waste 
of resources considering the very low PSA. The key teach- 
ing point is that despite the AUA definition of PSA recur- 
rence after surgery being 0.2 ng/mL, this is not always the 
proper threshold to institute therapy and there is no harm 
in waiting a bit to get more data points and a better track 
record on what the PSA levels will do with further close 
follow-up. Finally, this patient already demonstrated lack 
of compliance in getting lost to follow up for a while so we 
do need to emphasize to him the importance of follow-up 
especially now that his PSA is 0.3 ng/mL. Had his patho- 
logic stage or Gleason sum been more unfavorable, salvage 
EBRT at 0.3 ng/mL may be appropriate but in this case, 
there is still uncertainty about the cause of the PSA rise 
and holding off on further treatment is most prudent. 

A 72-year-old African American male received 7,500 
cGy of EBRT approximately 3.5 years ago for cT2a, 
Gleason 3 + 4 = 7 prostate cancer. He had 4/12 cores 
involved and his prediagnosis PSA level was 8.7 ng/mL. 
His prostate volume was 44 cc. He did not receive neo- 
adjuvant or adjuvant ADT. His PSA nadir was 0.3 ng/mL 
occurring 15 months after completion of the radiation. He 
is now referred to the multi-D clinic by his PCP because 
his PSA has risen to 1.7 ng/mL. His current digital rec- 
tal examination (DRE) reveals a flat postradiation gland 
with no nodules. Calculation of PSA-DT is approximately 
15 months based on 6 values since the nadir. What is the 
best management? 


Schedule for prostate biopsy 

Intermittent hormonal therapy (IHT) 
Schedule ProstaScint, bone, and CT scans 
Reassurance and observation 
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Answer: d: This patient has NOT experienced a 
PSA recurrence based on ASTRO II (Phoenix) defini- 
tion. Based on a PSA nadir of 0.3, he would need to 
rise to >2.3 ng/mL to be considered recurrent. Further- 
more, his DRE is not suspicious for recurrence. 
Furthermore, his PSA-DT is 15 months, which is not 
a sign of danger. Workup and treatment would be ill- 
advised at this point and be considered overtreatment 
that is likely to do more harm than good. However, he 
does need follow-up every 6 months with DRE and PSA 
and may require future evaluation and treatment if and 
when the clinical scenario changes. 


E PROGNOSIS AFTER BIOCHEMICAL 
FAILURE 


The natural history of prostate cancer following a PSA 
relapse does not necessarily predict the progression to 
metastases or death(25-27). This is illustrated by a 
series of 1,973 men treated with radical prostatectomy at 
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Johns Hopkins between 1981 and 2010 who developed a 
biochemical recurrence (PSA 20.2 ng/mL) following radical 
prostatectomy (27). Of these, 642 were observed without 
further treatment; and within this group, 450 had sufficient 
data for the calculation of PSA doubling time (PSA-DT). 
With a median follow-up of 8 years, 134 patients (30%) 
had developed metastases, and the median metastasis-free 
survival was 10.0 years. Multivariate analysis found that 
independent factors associated with the development 
of metastases were the PSA-DT (<3.0 vs. 3.0-8.9 vs. 
9.0-14.9 vs. > 15.0 months) and the Gleason score from 
the radical prostatectomy specimen (<6 vs. 7 vs. 8-10). 
Data from an earlier analysis of 321 men at this institu- 
tion were used to construct tables (the Pound tables) to 
predict the likelihood of being free of metastases follow- 
ing a biochemical failure after radical prostatectomy (4). 
A similar table to estimate the 10- and 15-year risk of 
prostate cancer-related death in men with a rising PSA 
after radical prostatectomy based on 379 such men was 
published in 2005 (25). Similar models have been devel- 
oped to predict the future risk of clinical relapse and death 
in individual patients initially treated with RT, based on 
pretreatment variables, radiation dose, and the results of 
serial posttreatment serum PSA levels (28). 

Several parameters (e.g., PSA-doubling time, Gleason 
score, PSA response to salvage ADT) have been studied to 
distinguish men who are likely to develop clinically sig- 
nificant disease following either radical prostatectomy or 
RT from those who have more indolent disease (25,27). 
This information can be an important factor in determin- 
ing whether and when to initiate further treatment. The 
same features that predict biochemical failure after ini- 
tial treatment for prostate cancer provide insight into the 
likely natural history of the disease following biochemical 
recurrence (29). These include the clinical features at origi- 
nal presentation (tumor [T] stage, PSA level, PSA veloc- 
ity, biopsy Gleason score) as well as pathologic findings 
at the time of prostatectomy for men who have undergone 
surgery (T stage, nodal and margin status, and Gleason 
score). As such, these features can aid in treatment deci- 
sions in men with a rising PSA after local treatment. 

Multiple studies indicate that a long PSA-DT predicts 
both clinical metastasis-free survival and prostate cancer- 
specific mortality in men with a rising serum PSA after 
radical prostatectomy (30-36). The PSA-DT is less well 
studied after external beam RT and has not been validated 
after brachytherapy (21). The prognostic significance of 
PSA-DT is illustrated by the largest series, which stud- 
ied the outcomes in 8,669 men with clinically localized 
or locally advanced nonmetastatic prostate cancer (33). 
Of these men, 5,918 initially were treated surgically and 
2,751 were managed with RT. Men with a PSA-DT of 
<3 months had a 20-fold increased risk of dying of prostate 
cancer compared with those with a PSA-DT of 23 months. 
A later analysis found that the use of the Gleason score 
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in conjunction with PSA-DT provided a better estimate 
of prostate cancer-specific mortality in men with a ris- 
ing PSA following RT (30). For men with a PSA-DT < 3 
months, prostate cancer-specific mortality rates 5 years 
after biochemical failure were 35% and 75% with Gleason 
scores of <7 and 38, respectively. For men with PSA-DT 
> 3 months, the 5-year prostate cancer-specific mortality 
rates for Gleason score < 7 and > 8 disease were 4% and 
15%, respectively. These data support the view that men 
who have a short PSA-DT and a Gleason score > 8 disease 
are at particularly high risk of dying from prostate cancer 
and are unlikely to achieve long-term disease control from 
local-only salvage therapies. However, the number of men 
with a PSA-DT < 3 months was relatively small. Among 
those who have a biochemical recurrence with a some- 
what longer PSA-DT, prostate cancer is still a major cause 
of mortality. In one study of men with a rising PSA follow- 
ing prostatectomy and a PSA-DT < 15 months, prostate 
cancer accounted for approximately 90% of all deaths by 
15 years after biochemical recurrence (31). Caution should 
be exercised when an ultrasensitive PSA assay is used to 
calculate the PSA-DT. The studies that demonstrated the 
importance of PSA-DT were based on calculations when 
level of detectability of the serum PSA was 20.2 ng/mL. 
Ultrasensitive PSA assays have a lower limit of detection 
of 0.01 ng/mL or less, and doubling times using such an 
assay for the first detection of PSA following treatment 
correlate poorly with the older methodology (37). 


Prognosis After Biochemical Failure 
Case Scenario 


A 61-year-old white male physician/surgeon presented with 
high-risk prostate cancer Gleason 3 + 4 = 7 (4 cores) and 
4 +4 = 8 (1 core) (overall) in 5/12 cores and a PSA of 
11.2 ng/mL. He had T2a NO MO disease preop based on a 
negative metastatic workup (CT and bone scan) that were 
noted in a progress note in the medical records. Patient 
came to my center for an open radical prostatectomy with 
pelvic lymphadenectomy. Surgery was uneventful and 
revealed pI 3a pNO Mx Gleason 4 + 4 = 8 with 20% can- 
cer volume. He had one 3-mm isolated positive surgical 
margin and three areas of extracapsular extension but no 
seminal vesicle invasion. He was told that postoperative 
adjuvant external beam radiation would likely be needed 
and this would be addressed at his 3-month follow-up 
visit. At 6 weeks postop, he called to say that he took a 
PSA at his own hospital lab and it returned at 5.75 ng/mL. 
We suggested that this PSA may be a lab error, but repeat 
PSAs returned at 6.38 and 6.91 ng/mL. What is the next 
most appropriate step? 


Reassurance and follow further PSAs 

Repeat the metastatic workup 

Start immediate hormonal therapy 

Refer to radiation oncology to start salvage EBRT 
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ANSWER: b: A PSA that never falls to undetectable 
after RP is indicative of residual disease and a very high 
level, such as in this case, indicates systemic disease. In 
this case, the patient admitted that he never actually had 
the bone scan that was scheduled by his local urologist. 
He was a physician and surgeon and had emergency clini- 
cal responsibilities that precluded going to the bone scan 
appointment. We relied on the progress note stating that 
the metastatic workup was completed and assumed the 
bone scan was negative, but did not push for the official 
report. After surgery, the PSA continued to rise to approx- 
imately 10 ng/mL and a repeat metastatic workup with a 
Sodium-Flouride (F-18) PET bone scan revealed approxi- 
mately 10 scattered bone metastases. He then started 
complete androgen blockade and was enrolled in a clini- 
cal trial of systemic chemotherapy as well. Referral to a 
radiation oncologist for salvage radiation when the PSA 
level was very high would be ill advised in the setting of 
systemic disease. Certainly, had we questioned the patient 
further and found out that he did not have a preop bone 
scan, we may have insisted on a bone scan preop. On the 
other hand, with the disease characteristics at hand preop, 
his statistical risk for bone metastases was about 10% and 
we might not have insisted on the bone scan especially 
since he did have a negative CT scan preop. This is a real 
case illustrating the pitfalls we all can face in real-world 
clinical multi-D practice. 


E DIAGNOSTIC WORKUP 
FOR PSA RECURRENCE 


Patients who have been treated with potentially curative 
definitive therapy (radical prostatectomy, external beam 
RT, brachytherapy) are at risk for loco-regional recur- 
rence or distant metastases. Additional local therapy may 
result in prolonged disease-free survival if the recurrent 
disease is localized. Unfortunately, the frequency with 
which unsuspected metastases are detected using imag- 
ing studies is very low for men with an early PSA-only 
progression if the patient has not had prior ADT. Bone 
scan historically has been the most sensitive imaging pro- 
cedure for the diagnosis of bone metastases. However, 
unsuspected bone metastases are only rarely detected in 
patients undergoing an initial evaluation for an elevated 
PSA (38-40). The limited yield from routine bone scan is 
illustrated by a series of 93 men who were evaluated for 
a PSA-only recurrence after radical prostatectomy (38). 
The lowest serum PSA that was associated with a positive 
bone scan in the absence of adjuvant ADT was 46 ng/mL. 
On multivariate analysis, only the absolute value of the 
serum PSA and a rapid rise of serum PSA were predic- 
tive of a positive bone scan. Based on a logistic regression 
model, the likelihood of a positive bone scan was less than 
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5% unless the serum PSA was >40 to 45 ng/mL. In 
contemporary practice, the serum PSA is monitored after 
initial treatment anda diagnosis of biochemical recurrenceis 
typically made when the PSA is relatively low (often <1 ng/ 
mL). Thus, bone scans are probably unnecessary unless 
there are symptoms referable to bone. Our practice is to 
recommend a bone scan as a part of the initial evalua- 
tion for an elevated PSA only for men with a serum PSA 
2 10 ng/mL (25 ng/mL if prior ADT was administered) 
or a rapid PSA-DT (<3 months) or in whom the rate of 
PSA rise is >2 ng/mL per month. Men who have a positive 
or equivocal bone scan are usually evaluated by targeted 
plain radiographs or with an MRI if radiographic findings 
are inconclusive. 

MRI of the axial skeleton is an alternative to a bone 
scan to screen high-risk men for the presence of bone 
metastases. A potential advantage of MRI compared with 
bone scan was seen in a series of 66 consecutive men with 
high-risk tumors who underwent MRI of the axial skel- 
eton in addition to a standard sequential workup starting 
with a bone scan (41). The definition of high-risk disease 
included newly diagnosed prostate cancer with a biopsy 
Gleason score > 8 and a PSA = 20 ng/mL (n = 26), a rap- 
idly rising PSA within 3 years of radical prostatectomy 
(n = 12), or a rapidly rising PSA in men receiving ADT 
(n = 28). Axial skeleton MRI was more sensitive than any 
other approach in the 41 men ultimately found to have 
bone metastases. Screening MRI identified metastases in 
7 of 23 men considered negative (30%) and 8 of 17 (46%) 
considered equivocal by other strategies. As a consequence 
of the MRI findings, the initial treatment plan was modi- 
fied in 15 of 66 patients (22%). Five of twenty-six men 
(19%) scheduled for prostatectomy or RT were instead 
referred for systemic treatment because of the finding of 
metastatic disease. 

The sensitivity of abdominopelvic CT for detection 
of low-volume recurrent disease is limited (39,42). This 
was illustrated by a study in 86 men who had undergone 
prostatectomy, in which CT was informative in only 
12 (14%) (39). The mean PSA value was significantly 
higher in those with a positive scan (27.4 vs. 4.9 ng/mL) as 
was the mean PSA velocity (1.8 vs. 0.7 ng/mL per month). 
Only eight scans (9%) provided new information to the 
clinician. Thus, the sensitivity of CT appears to be limited 
in the setting of PSA-only recurrence unless the PSA value 
is relatively high. We do not recommend CT unless the 
serum PSA level is >10 ng/mL or the rate of PSA rise is 
>20 ng/mL per year. 

MRI of the prostate and pelvis with or without an 
endorectal coil has been suggested as another method 
of evaluating local recurrences in men with a PSA-only 
recurrence (43-46). This technique has been used primar- 
ily to determine the presence of seminal vesicle involve- 
ment or extraprostatic extension in men who are believed 
to have clinically localized prostate cancer. In men with 
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biochemical recurrence following initial RT, endorectal 
coil MRI has been used to identify seminal vesicle inva- 
sion or extraprostatic extension in those who are being 
considered for salvage prostatectomy, since the presence 
of these features (particularly seminal vesicle invasion) 
identifies men who are unlikely to achieve long-term dis- 
ease control. There are only limited data on the accuracy 
of endorectal coil MRI in men with previously irradi- 
ated prostate glands (44-46). The largest series included 
45 consecutive men who underwent salvage radical pros- 
tatectomy for biopsy-proven locally recurrent prostate 
cancer over a 6-year period, all of whom underwent 
endorectal coil MRI prior to surgery (44). All scans were 
read independently by two experienced radiologists. There 
was significant variation between readers, with sensitivity 
for seminal vesicle involvement of 38% and 62%, respec- 
tively. Further research is needed to establish whether this 
test is useful to localize prostate cancer recurrences. For 
men undergoing salvage RT after radical prostatectomy, 
MRI may complement the treatment planning process by 
delineating the prostatic bed or localizing a small focus of 
locally recurrent disease. A number of institutions are rig- 
orously exploring the use of MRI for treatment planning 
in this setting. 

The role of fluorodeoxyglucose (FDG)-PET scanning 
in men with suspected recurrent prostate cancer is contro- 
versial. Some early reports concluded that PET is of lim- 
ited utility overall, particularly for men with a low serum 
PSA or PSA velocity (47,48). In contrast, others suggest 
that PET is useful in imaging local recurrences (49), osse- 
ous metastases(50,51), or nodal and soft tissue lesions 
(48,50,52). FDG is excreted by the kidneys and 
accumulates in the bladder. This creates a major problem 
when the goal is to image the prostatic bed and pelvis. 
The introduction of newer iterative image reconstruc- 
tion has reduced but not eliminated this problem (49). As 
an example, in a contemporary series of 91 men with a 
rising PSA after prostatectomy for early stage disease, 
PET identified recurrent lesions in the prostatic bed 
(n = 5, all true-positives), bones (n = 22, 20 true-positives, 
2 false-positives), lymph nodes (n = 7, 6 true-positives, 6 
false-positive), and one unsuspected liver metastasis (53). 
Only two patients had an isolated local recurrence or 
metastatic disease that was shown by other imaging 
modalities. However, of the 19 men who were thought 
to have evidence of a local recurrence by virtue of a posi- 
tive biopsy of the prostatic bed or a drop in the PSA after 
local radiation treatment, PET was positive in only three. 
Early studies suggest that 18-fluorine-labeled choline or 
11-carbon-labeled acetate may be better tracers for use 
in recurrent prostate cancer(54—59). PET scanning with 
either tracer is considered investigational in men with a 
PSA-only recurrence. Sodium fluoride PET-bone scan is 
being evaluated for potential utility prior to salvage therapy 
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(60,61). A current demonstration database is underway 
with Medicare patients with results pending as of mid-2014. 

The ProstaScint scan is a radiolabeled monoclonal 
antibody imaging study that detects prostate-specific 
membrane antigen (PSMA). ProstaScint lacks sufficient 
sensitivity and specificity to have a routine role in men 
with prostate cancer. NCCN guidelines do not recom- 
mend ProstaScint as an imaging option for men with 
known prostate cancer and a rising PSA after definitive 
treatment (62). 

Prostate biopsy may provide useful information to aid 
in the early diagnosis of a local recurrence in men with a 
rising PSA following RT (63). However, there are impor- 
tant caveats to its use. The histologic regression of tumor 
cells after RT may be prolonged; a positive result less than 
2 years after treatment does not correlate well with disease 
progression. An ASTRO consensus panel recommended 
that routine prostate biopsy for evaluation of PSA recur- 
rence after RT not be performed unless salvage prosta- 
tectomy or another local salvage procedure was being 
considered (64). In this setting, TRUS-guided biopsy is 
indicated for histologic confirmation of a suspected iso- 
lated local recurrence prior to salvage therapy. In such 
cases, biopsy should be performed at least 18 months after 
completion of RT. In the setting of prior prostatectomy, 
the value of TRUS biopsy for men with a rising serum 
PSA after radical prostatectomy is controversial and rarely 
indicated. The largest retrospective experience with biopsy 
in this setting consists of 114 patients who underwent 
156 TRUS biopsies at the University of California San 
Francisco (65). In this series, 61 men (54%) had biopsy- 
confirmed local recurrence, two-thirds of which were at 
the anastomotic site. In one-third of cases more than one 
biopsy was required. 


E THERAPY—SALVAGE RADIATION 
THERAPY 


Management options for men with a PSA-only recurrence 
after radical prostatectomy include external beam RT to 
the prostatic bed with or without treatment of the pelvic 
lymph nodes (salvage RT), ADT, a combination of salvage 
RT plus ADT, or observation. Most of the available data 
regarding these approaches have come from observational 
series. Long-term results of randomized clinical trials will 
be required to define the optimal approach. 

For men with a recurrence following radical prosta- 
tectomy, salvage external beam RT can provide long-term 
disease control if the recurrence is encompassed within the 
treatment field and a sufficient radiation dose can be deliv- 
ered to eradicate the residual/recurrent cancer. The suc- 
cess of salvage RT depends on dose and treatment volume 
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(i.e., prostate bed with or without pelvis), in addition to the 
localization of all malignant cells to the treatment field. 

The initial retrospective studies that attempted to 
define patients who would benefit from salvage RT relied 
on biochemical relapse-free survival (bRFS), rather than 
cancer-specific survival or the development of meta- 
static disease. Numerous studies have analyzed the fac- 
tors associated with biochemical relapse following salvage 
RT (66-70). Factors associated with an improved bRFS 
included a positive surgical margin at prostatectomy, a 
low PSA level at recurrence, and a long recurrence-free 
interval following initial surgery. In contrast, a short 
(e.g., <6 months) PSA-DT, Gleason score > 8, a history 
of lymph node or seminal vesicle involvement at original 
diagnosis, and a persistent elevation of PSA following RT 
were all associated with poorer bRFS in those managed 
with salvage RT. Although these studies have been used 
to define patients who were more likely to benefit from 
salvage RT, these analyses were retrospective and did not 
include a control group that was managed with obser- 
vation rather than active intervention. Thus, the factors 
identified in these studies may have been prognostic for 
the development of biochemical relapse and not predictive 
of improved cancer-specific survival in response to treat- 
ment with salvage RT (71). 

With regard to survival, three large retrospective 
single-institution series provide conflicting data on 
whether or not salvage RT as a single modality can pro- 
long survival. In a series of 2,657 men treated at the Mayo 
Clinic who had a biochemical recurrence following radi- 
cal prostatectomy, 856 (32%) received salvage RT (72). 
On multivariate analysis, salvage RT significantly reduced 
the incidence of subsequent local recurrence (hazard ratio 
[HR] 0.13, 95% confidence interval [CI] 0.06-0.28). 
However, salvage RT did not significantly decrease mor- 
tality compared with those not receiving salvage RT fol- 
lowing biochemical recurrence (5- and 10-year survival 
rates, 92% vs. 91% and 70% vs. 69%, respectively). 
A study from Johns Hopkins analyzed 635 patients who 
had either a biochemical or local recurrence following 
radical prostatectomy (71). At recurrence, patients were 
managed with observation, salvage RT alone, or salvage 
RT in combination with hormonal therapy in 63%, 25%, 
and 12% of cases, respectively. Cancer-specific survival 
was significantly prolonged in patients who received RT, 
with or without hormonal therapy, compared with obser- 
vation (96% and 96% vs. 88% at 5 years, and 82% and 
86% vs. 62% at 10 years). Finally, RT appeared to pro- 
long survival in both groups in a series of 4,036 men who 
underwent radical prostatectomy at Duke between 1988 
and 2008, irrespective of whether the PSA-DT was short 
or long (73). This cohort included 519 men who had a bio- 
chemical recurrence and were fully evaluable. Salvage RT 
was given, either alone or as part of a combined approach 
that included ADT, in 219 of these patients (37%). At a 
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median follow-up of 11.3 years, multivariate analysis 
demonstrated a significant decrease in all-cause mortality 
both in those with a PSA-DT less than 6 months and in 
those with a PSA-DT greater than or equal to 6 months 
(adjusted hazard ratios 0.53 and 0.52, respectively). 
Despite the limitations inherent in these retrospective 
studies, these results provide good evidence that salvage 
RT shortly after biochemical relapse can alter the natural 
history of prostate cancer. 

Careful surveillance and early salvage RT following 
surgery (e.g., before PSA rises above 0.4-0.5 ng/mL) may 
be an appropriate alternative to immediate adjuvant RT for 
patients with high-risk primary prostate cancer managed 
with surgery. Immediate, postoperative adjuvant RT and 
early salvage RT are being compared in the RADICALS 
trial sponsored by the Medical Research Council in the 
United Kingdom (NCT00541047) (74). 

As far as dose and treatment volume, there are no ran- 
domized trials that study the optimal radiation dose in sal- 
vage RT. In 1999, ASTRO guidelines recommended that 
the dose should be at least 64 Gy for salvage RT (75). More 
recently, a number of retrospective series report better out- 
comes when doses above 65 Gy are used (76-78). Whether 
RT should be limited to the prostate bed or should include 
pelvic irradiation is controversial. In our practice, we rec- 
ommend small-field RT for two reasons. Two randomized 
trials (EORTC 2291 and SWOG 8794) that demonstrated 
a treatment benefit from early postprostatectomy RT com- 
pared with observation following radical prostatectomy 
used small field RT (79,80). The role of more extensive 
pelvic irradiation was assessed in two trials in men whose 
prostate cancer was managed with definitive RT. In that 
setting, two large randomized trials (RTOG 9413 and 
GETUG-01) failed to show an improvement in survival 
among men who were assigned to treatment with pros- 
tate plus pelvic lymph node RT compared with treatment 
limited to the prostate (81,82). However, these trials used 
RT for primary therapy of prostate cancer rather than in 
the salvage setting. The effect of elective pelvic irradia- 
tion in men with a rising PSA following surgery is being 
addressed in an ongoing multicenter trial (RTOG 0534, 
NCT00567580), although only in the context of men who 
are receiving ADT (74). That trial does not include an arm 
with RT to the pelvic lymph nodes without ADT. 

With regard to side effects and toxicity, salvage RT 
after a previous radical prostatectomy is generally well 
tolerated (83,84). In a multi-institution database study 
of 959 men who received postoperative RT (81% as sal- 
vage and 19% as adjuvant therapy), the 5-year rates of 
late grade 3 genitourinary and gastrointestinal side effects 
were 1 and 0.4%, respectively (83). 

The addition of ADT to definitive RT benefits men 
with high-risk clinically localized prostate cancer as well 
as those with locally advanced disease. Two large ran- 
domized trials being conducted by the Radiation Therapy 
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Oncology Group (RTOG) eventually should provide 
important information about the role of hormonal ther- 
apy in conjunction with RT in the management of patients 
with a rising serum PSA. RTOG 9601 (NCT00002874) 
and RTOG 0534 (NCT00567580) both include patients 
with persistent elevation of PSA after radical prosta- 
tectomy as well as those with a rising PSA after radical 
prostatectomy. In RTOG 9601, there was a statistically 
significant improvement in freedom from PSA progression 
when adjuvant bicalutamide was added to RT compared 
with RT alone (57% vs. 40%) and a statistically sig- 
nificant decrease in the incidence of metastatic disease 
(7% vs. 13%). The actuarial overall survival rates at 7 years 
were 91% and 86%, respectively, which did not reach sta- 
tistical significance. However, there were too few deaths 
to permit a statistical comparison of overall survival. In 
addition, the trial used bicalutamide monotherapy, not 
a GnRH agonist, an approach that is unconventional in 
the United States. In RTOG 0534, patients were randomly 
assigned to RT alone to the prostate bed, RT to the pros- 
tate bed combined with neoadjuvant and concurrent ADT, 
or RT to the prostate bed and pelvic lymph nodes with 
neoadjuvant and concurrent ADT (74). The trial did not 
include an arm with RT to the pelvic lymph nodes with- 
out ADT. RTOG 0534 is awaiting maturation. Given the 
available preliminary data from RTOG 9601 and from 
observational series, it is reasonable to recommend short- 
term ADT (4-6 months) with salvage RT for men with 
very unfavorable risk factors at the time of radical prosta- 
tectomy (e.g., PSA > 20 ng/mL, Gleason score > 8). 


E THERAPY—SALVAGE RADICAL 
PROSTATECTOMY 


Salvage prostatectomy provides disease control for 
10 years or more in many patients. In the pre-PSA era, 
surgery was not widely used because of concerns about 
operative morbidity and frequent development of dis- 
seminated metastases. More contemporary experience, 
utilizing better patient selection criteria and improved 
operative techniques, has made radical prostatectomy an 
important option for appropriately selected patients. Most 
of the literature is based on open radical prostatectomy. 
However, salvage laparoscopic robotic prostatectomy has 
been described in carefully selected patients (85,86). The 
key is not the type of surgery (open or robotic) but the 
experience of the surgeon. In the setting of salvage RP, 
very highly experienced surgeons are even more critical 
than with primary radical prostatectomy, 

If salvage RP is being considered, a transrectal ultra- 
sound (TRUS) biopsy is indicated for histologic con- 
firmation of a suspected local recurrence. Cystoscopic 
examinationis helpful to rule out bladder neck involvement. 
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Results from retrospective series in the PSA-era provide 
some insight into the ability of radical prostatectomy to 
control disease (87, 88). As an example, one series included 
138 men who underwent salvage radical prostatectomy at 
the Mayo Clinic since PSA monitoring became routine; at 
a median follow-up of 92 months, the 5-year failure-free 
survival rate was 63% (87). Similar results were seen in a 
series from Memorial Sloan-Kettering, where the 5-year 
recurrence-free survival rate was 54% (88). In general, 
men with disease confined to the prostate have better out- 
comes than those with either extraprostatic extension or 
seminal vesicle invasion (89, 90). The status of the surgical 
margins is also a strong predictor of both disease-specific 
and disease-free survival (91). The reported long-term out- 
comes following salvage radical prostatectomy are con- 
sistently better in men with low serum PSA levels (87,90, 
92,93). As an example, in a report of 100 consecutive men 
undergoing salvage prostatectomy after initial RT, 5-year 
progression-free survival rates stratified by preoperative 
PSA level were as follows (92): <4 ng/mL— 86%; 4 to 10 
ng/mL—55%; >10 ng/mL—28%. Whether these results 
reflect an effect of treatment is uncertain. Men with a low 
serum PSA may have more indolent disease, and these 
men might have had a high likelihood of remaining free of 
clinical disease progression without surgical intervention. 

With regard to complications, older series of patients 
treated with salvage prostatectomy reported major com- 
plications in one-third to one-half of all men (94-96). 
These included rectal injury, bladder neck contractures, 
hemorrhage, ureteral injury, vesicorectal or vesicoperi- 
neal fistulas, venous thromboembolism, and chronic uri- 
nary incontinence. These series included many patients 
who had undergone staging pelvic lymph node dissection 
and/or open radioactive seed implantation. The degree 
of fibrosis after modern conformal external beam RT or 
transperineal brachytherapy is much less, permitting the 
majority of men to undergo a salvage operation that is 
similar to the standard nonsalvage prostatectomy (97). In 
three large contemporary series, the rate of early perioper- 
ative complications ranged from 13% to 27% (87, 89, 92). 
However, late rates of urinary incontinence (30%—50%) 
and anastomotic stricture (17%-32%) do not appear 
to have improved substantially despite better patient 
selection, less pelvic fibrosis, and better surgical tech- 
nique (92,98). These rates are substantially higher than 
those observed after radical prostatectomy as initial ther- 
apy. This may reflect the persistence of radiation-induced 
sphincter dysfunction. When the assessment is based on 
patient-reported data, even higher rates of incontinence 
have been reported(97). The incidence of incontinence 
may also be biased by the use of an artificial urinary 
sphincter in some patients. Erectile dysfunction was pre- 
viously thought to be an inevitable consequence of salvage 
prostatectomy. However, nerve preservation is sometimes 
feasible, and some men with good preoperative erectile 
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function may recover potency after bilateral nerve-sparing 
salvage prostatectomy (99). In one retrospective series, 
45% of men who were potent preoperatively maintained 
potency (97), and men were more likely to recover erectile 
function if they had bilateral preservation of the neuro- 
vascular bundles (99). 

With regard to neoadjuvant ADT, there are no ran- 
domized trials that address the role of adjuvant or neo- 
adjuvant ADT in men undergoing salvage prostatectomy. 
Small retrospective series have reported on the use of 
perioperative ADT in this setting, but these reports do 
not provide reliable information on the efficacy of these 
approaches (91,96, 100). 


E THERAPY—CRYOTHERAPY 


The use of cryotherapy as salvage treatment following local 
recurrence after RT remains controversial. On one hand, 
prostate cryotherapy is FDA approved and is reimbursed 
by Medicare and virtually all private insurance plans and 
is a reasonable option for well-selected men treated by 
very experienced surgeons. On the other hand, there is no 
level I evidence for its use and there are still some who 
consider it less effective than salvage radical prostatec- 
tomy. There are no prospective studies that directly com- 
pare cryosurgery versus prostatectomy as salvage therapy 
for men with a local recurrence of prostate cancer. The 
relative effectiveness and safety of cryotherapy compared 
with salvage prostatectomy are uncertain. 

A retrospective study compared 42 men treated with 
salvage prostatectomy at the Mayo Clinic to 56 patients 
treated by salvage cryotherapy at M. D. Anderson Cancer 
Center. Patients were matched for pretreatment PSA and 
biopsy Gleason score(101). Biochemical progression 
occurred more frequently in patients treated with salvage 
cryotherapy than with radical prostatectomy (5-year bRFS 
66% vs. 42%, based upon a criterion of two increases in 
serum PSA above nadir). At a median follow-up of 8 years, 
there was no difference in disease-specific survival (96% 
vs. 98%). Although salvage prostatectomy appeared to be 
more effective, the choice of therapy needs to be individu- 
alized, and cryotherapy is appropriate for older patients 
and those with significant comorbidity. 

Cryotherapy can freeze and destroy tissue beyond 
the confines of the prostate gland, and this may be an 
advantage compared with radical prostatectomy for 
selected cases. Thus, we suggest cryotherapy rather than 
salvage radical prostatectomy for men with a rising PSA 
if they have clinical stage T3 disease, either prior to ini- 
tial RT or at the time of disease recurrence. Guidelines 
from the AUA support cryotherapy as an option in this 
setting (102). 
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E THERAPY—BRACHYTHERAPY AFTER RT 


Another option that has been used for men with a bio- 
chemical recurrence following initial external beam RT is 
brachytherapy. Brachytherapy is typically given by a LDR 
methodology using iodine-125 (I-125) or palladium-103 
(Pd-103) (103-107), but can also be given using a HDR 
technique (108). There are no randomized trials comparing 
brachytherapy with other forms of salvage therapy. In the 
largest series, 49 men with biopsy-proven local recurrence 
after EBRT underwent salvage LDR brachytherapy (104). 
At 64 months average follow-up, the bRFS rates at 3 and 
5 years were 48% and 34%, respectively. Men whose PSA 
nadir was <0.5 ng/mL after salvage brachytherapy (47% 
of the cohort) fared better than those who failed to do 
so (5-year bRFS 56% vs. 15%, respectively). In series of 
30 men treated with LDR brachytherapy and followed for 
a median of 46 months, bRFS was approximately 50% 
at both 5 and 10 years among men who underwent the 
procedure at a time when their PSA was <10 ng/mL (105). 
Although urinary incontinence was reported infrequent, 
two men developed rectal ulcers and one required a colos- 
tomy. In the largest series using HDR brachytherapy, 
21 men were treated for recurrent prostate cancer after 
external beam RT(108). At a median follow-up of 
19 months, 13 had achieved a PSA nadir of <0.1 ng/mL. 
There were two biochemical failures, both of which 
occurred in the setting of distant metastases. 

Although these limited results suggest that salvage 
brachytherapy has promise, further study is required, 
and brachytherapy should not be considered a standard 
approach for men with a local recurrence after external 
beam RT. 


E THERAPY—SYSTEMIC THERAPIES 


Systemic treatment may be indicated for some men with 
PSA recurrence when clinical and pathologic factors sug- 
gest that disseminated disease is highly probable and 
hence salvage local therapy is not indicated. In others 
cases, comorbidity and advanced age preclude aggressive 
local therapy. Systemic therapy is generally patterned after 
approaches taken in men with advanced prostate cancer. 
Typically such treatment utilizes ADT as the initial ther- 
apy. Patients who eventually relapse after treatment with 
ADT are managed following the same treatment algorithm 
that is used for patients with overt metastatic disease. 
ADT with either a gonadotropin releasing hormone 
(GnRH) agonist or antagonist or with orchiectomy is the 
standard initial treatment for men with advanced or meta- 
static prostate cancer. ADT effectively palliates symp- 
toms in 80% to 90% of men and may prolong survival. 


CHAPTER 17 ® — Salvage Therapy for Rising PSA 


Such treatment is clearly beneficial but not curative. The 
majority of men progress to androgen independence within 
2 to 5 years, and require additional therapy. In men with 
a PSA-only recurrence after initial treatment, overt meta- 
static disease may not become evident for many years. No 
randomized trials have assessed the role of ADT in this 
setting, and it is unclear how applicable the data from men 
with more advanced disease is to this group. 

ADT causes side effects that can significantly lower 
the quality of life. These adverse effects are particularly 
important in otherwise asymptomatic men whose only 
manifestation of disease is a rising serum PSA. The poten- 
tial development of hot flashes, loss of libido, decreased 
muscle mass, mild anemia, and osteoporosis are sig- 
nificant concerns that need to be considered in deciding 
whether or not to treat immediately. Furthermore, con- 
cerns about ADT-induced diabetes mellitus, cardiac dis- 
ease, and metabolic syndrome add credence to the use of a 
risk-stratified approach. 

Key questions concerning the use of ADT include 
whether treatment should be initiated as soon as a rising 
PSA is detected or can be delayed, whether ADT should 
use monotherapy (a GnRH agonist, GnRH antagonist, or 
orchiectomy) or combined androgen blockade (a GnRH 
agonist or orchiectomy plus an antiandrogen), and the 
role of intermittent androgen deprivation (IAD). There 
are very few randomized trials that address these issues 
in this population. The optimal timing of ADT for men 
with a PSA-only recurrence is controversial. Proponents of 
early treatment argue that this approach can delay disease 
progression and may prolong survival. Others contend 
that treatment is best deferred until clinical metastases or 
symptoms develop since there is no consistent evidence for 
a significant survival benefit with ADT in this setting, and 
treatment is associated with adverse effects. In random- 
ized trials in patients with advanced prostate cancer, early 
initiation of therapy has been associated with a decrease in 
prostate cancer mortality but no improvement in overall 
survival (109). 

Observational data from studies in patients with a 
biochemical recurrence provide only weak evidence in 
support of early intervention. In an analysis of 1,352 men 
with a rising PSA (>0.2 ng/mL) as the only evidence of 
recurrent disease after radical prostatectomy, hormone 
therapy was administered to 355, while the remainder 
were observed without therapy until the development 
of overt metastases (110). In the entire cohort, 103 (8%) 
developed metastases. In patients with a Gleason score 
> 7 or a PSA-DT <12 months, initiation of ADT signifi- 
cantly delayed the appearance of clinical metastases. Two 
ongoing multicenter phase III trials are examining the 
role of early ADT in patients with a rising serum PSA (74). 
A Canadian trial (NCT00439751) is comparing early ver- 
sus delayed treatment with goserelin in patients who have 
a recurrence following radical radiotherapy. An Australian 
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study (NCT00110162) is evaluating hormonal therapy 
in patients with a biochemical recurrence or asymptom- 
atic metastatic disease. In the absence of more definitive 
data, we favor early intervention, especially in younger 
men with high-grade disease (e.g., Gleason score 8-10), 
a serum PSA-DT < 10 to 12 months, or clear evidence of 
high-risk features on the initial prostatectomy specimen 
(grossly positive margins, seminal vesicle invasion, high 
tumor volume [>30%]), or a combination of these features. 

ADT can be accomplished by preventing androgen 
production (orchiectomy, GnRH agonists, GnRH antago- 
nists) or by androgen receptor blockade with antiandro- 
gens; these methods can be used alone or in combination. 
The combination of a GnRH agonist or orchiectomy 
plus an antiandrogen is commonly referred to as com- 
plete androgen blockade, since it removes the influence 
of both testicular and adrenal androgens. There are no 
randomized trials comparing GnRH agonists or orchi- 
ectomy alone versus complete androgen blockade in men 
with a PSA-only recurrence. Current ASCO guidelines 
support a consideration of complete androgen blockade 
for treatment in this setting(109), but this remains very 
controversial. 

One of the major disadvantages of ADT are side effects 
such as sexual dysfunction and loss of bone and muscle 
mass. Periodically reversing the effects of ADT, which 
is presumably associated with fewer side effects, can be 
achieved using intermittent compared with continuous 
androgen deprivation. IAD refers to cyclic administration 
of ADT with induction treatment until maximal response, 
usually defined by serum PSA criteria. Then, temporary 
withdrawal of ADT and later reinitiation based on pre- 
defined threshold levels of serum PSA, which vary from 
2.5 to 20 ng/mL, or on serum testosterone levels rising out 
of the castrate range (typically >20-50 ng/mL). 

Men managed with IAD can be expected to be off 
therapy approximately 35% to 50% of the time. Time off 
treatment in the first cycle ranges from 6 to 15 months, 
and may be longer for men with less advanced disease 
such as PSA-only progression compared with those with 
overt metastatic disease. The off-treatment period is gen- 
erally associated with an improvement in the sense of 
well-being and recovery of libido and potency in men who 
report normal or near-normal sexual function before the 
start of therapy. 

The most extensive data on IAD in patients with a 
rising serum PSA come from an international phase III 
trial (111). In this trial, 1,386 men with a rising PSA follow- 
ing radical prostatectomy were randomly assigned to either 
intermittent or continuous androgen deprivation. Patients 
assigned to IAD were treated for 8 months; treatment was 
then restarted when the serum PSA reached >10 ng/mL of 
treatment. The primary endpoint of the trial was overall 
survival. The statistical design of the trial was based on 
the demonstration of noninferiority, with noninferiority 
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defined by a true difference in overall survival of less 
than 8% points, which corresponded to a hazard ratio 
< 1.25. At a median follow-up of 6.9 years, overall sur- 
vival with IAD met the study criterion for noninferiority 
compared with continuous androgen deprivation (median 
8.8 vs. 9.1 years, HR 1.02, 95% CI 0.86-1.21). Men 
treated with IAD had more disease or treatment-related 
deaths but fewer deaths unrelated to prostate cancer com- 
pared with continuous ADT (120 vs. 94 and 148 vs. 162 
deaths, respectively). Analyses of quality of life suggested 
that there were modest benefits, but the results may have 
been limited by the timing of quality-of-life assessments. 
Differences in functional domain did not show a statisti- 
cally significant benefit for IAD. Specific symptoms that 
did show a statistically significant benefit included hot 
flashes, desire for sexual activity, and urinary symptoms. 
Among the patients treated with IAD, serum testosterone 
levels returned to pretreatment levels in only 35% within 
2 years after initial cycle of treatment, and only 29% of 
men who were potent at baseline had a return of potency. 
These results suggest that there is a potential benefit for 
IAD compared with continuous ADT in terms of quality 
of life. Furthermore, overall survival does not appear to be 
inferior. However, additional data from randomized trials 
are required to further assess the long-term value of this 
approach. We offer IAD only to well-informed patients, 
carefully explaining and documenting that long-term out- 
comes (including the potential for harm) are incompletely 
characterized. Despite this, IAD has become a very popu- 
lar strategy for ADT in PSA recurrence as a way to combat 
the growing concerns of side-effects with ADT. 

Antiandrogen monotherapy has several advantages 
compared with other forms of hormone therapy, including 
ease of administration, a favorable toxicity profile, and 
better quality of life. However, the efficacy of antiandro- 
gen monotherapy is controversial. A meta-analysis of eight 
trials comparing flutamide or bicalutamide monotherapy 
versus orchiectomy, DES, or a GnRH agonist in men with 
advanced prostate cancer suggested that overall survival 
with antiandrogen monotherapy was inferior to other 
treatments (112). Despite the concerns about efficacy, anti- 
androgen monotherapy may be a reasonable option for 
carefully selected men with well-differentiated tumors and 
a PSA-only recurrence who wish to minimize side effects 
during therapy. ASCO guidelines suggest that monother- 
apy with a nonsteroidal antiandrogen be discussed with 
individuals as an alternative, but do not specifically rec- 
ommend this strategy (109). 

Antiandrogens plus 5-alpha reductase inhibition can 
also be considered and some have called this periph- 
eral androgen blockade (PAD). The 5-alpha reductase 
inhibitors block the intraprostatic conversion of testos- 
terone to dihydrotestosterone ([DHT], the most potent 
androgen acting on the prostate), while the nonsteroidal 
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antiandrogen blocks the cytoplasmic DHT receptor. Since 
testosterone conversion is blocked selectively within the 
prostate, serum testosterone levels are maintained during 
treatment. As a result, most men retain their pretreatment 
libido, potency, muscle mass, and erythropoietic capac- 
ity. These observations provide the rationale for treat- 
ment with the combination of finasteride and flutamide. 
Uncontrolled studies have suggested that the combination 
of finasteride plus flutamide may be useful in this set- 
ting (113-117). In the largest of these, 101 men with a ris- 
ing PSA after definitive local therapy were treated with 
finasteride (5 mg daily) and flutamide (250 mg three times 
daily) (118). With a median follow-up of 10 years, 96% 
of patients had a greater than 80% decline in serum 
PSA. Toxicity was described as mild, with 18 patients 
stopping treatment for toxicity. A nonrandomized sin- 
gle center trial in 56 men with a biochemical recurrence 
compared with flutamide plus finasteride versus low- 
dose flutamide alone(119). With median follow-ups of 
54 and 43.5 months, respectively, men on the combined 
low-dose therapy had lower PSA levels and lower rates 
of progression. A randomized phase III trial in men with 
early progression following local therapy will be required 
to validate this approach. Bicalutamide is also used with 
a 5-alpha reductase inhibitor in this setting. Smith et al. 
recently (2013) reported a phase II trial of enzalutamide 
160 mg, orally, once daily in 67 men who were previ- 
ously hormone-naive (120). Approximately 60% of this 
cohort did not have metastases (i.e., PSA recurrence). The 
median PSA was 18.2 ng/mL in the overall group. There 
was a 92% PSA response (> 90% decline with a value < 
4 ng/mL at 6 months). Among PSA-only recurrence 
patients, half dropped PSA to < 0.1 ng/mL. As with prior 
generation oral antiandrogens, gynecomastia occurred in 
36%, fatigue in 34%, nipple pain in 19%, and hot flashes 
in 18%. However, published studies specifically in PSA- 
only recurrence are lacking. With the emergence of more 
potent oral hormonal agents (enzalutamide, abiraterone 
acetate), there will undoubtedly be future trials assessing 
these agents in the PSA-only recurrence setting. However, 
as of mid-2014, the use of these newer agents for bio- 
chemical progression would be considered investigational/ 
experimental. 

Cytotoxic chemotherapy is generally reserved for men 
with castrate-resistant disease and is investigational for the 
initial systemic therapy of patients with a rising serum PSA 
(121-123). Chemotherapy may have a role in the manage- 
ment of patients with a rising PSA who have progressed 
on ADT but remain free of overt metastases. Several stud- 
ies have shown that chemotherapy is active as the initial 
therapy in men with a rising PSA after local therapy, 
used either alone or in combination with ADT (13-15). 
However, additional studies will be required to determine 
whether chemotherapy has a role in this setting. 
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E DESCRIPTION AND OVERVIEW 
OF ANDROGEN SYNTHESIS AND 
HORMONAL THERAPY IN PROSTATE 
CANCER 


The luteinizing hormone releasing hormone (LHRH) axis, 
also called gonadotropin-releasing hormone (GnRH) axis, 
begins in the central nervous system with the secretion of 
LHRH from the hypothalamus (1). In the anterior pitu- 
itary gland, LHRH stimulates the release of the gonado- 
tropins luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH). LH and FSH then act on the sertoli 
and Leydig cells of the testes to stimulate production of 
enzymes that synthesize testosterone from cholesterol, 
such as 17-a hydroxylase (CYP 17)(2). Testosterone is 
then converted to active metabolites dihydrotestosterone 
and estradiol via 5-a reductase and aromatase (3). The 
equilibrium of this axis is regulated by negative feedback, 
and manipulation of this pathway at various steps consti- 
tutes the mainstay of treatment for prostate cancer. 
Hormonal manipulation to suppress testosterone pro- 
duction is first-line therapy for men with newly diagnosed 
or recurrent prostate cancer with bony, nodal, or visceral 
metastasis. This suppression can be achieved through 
medical manipulation of the LHRH pathway, blockade of 
the androgen binding or production pathway, or surgical 
castration (bilateral orchiectomy). More complete andro- 
gen suppression using a combination of approaches to 
block androgens such as medical castration with therapies 
such as nonsteroidal antiandrogens remains controversial 
regarding the overall clinical benefit, but does increase the 
overall morbidity of therapy. Constitutional, endocrine, 
psychiatric, sexual, and cardiac side effects of androgen 
suppression can cause a significant impact on quality 
of life and treatment morbidity. The use of intermittent 
therapy with periods where testosterone level is permit- 
ted to rise to the normal range has been studied and may 
be a safe and effective means of disease control for some 
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men. Future directions in research targeting the androgen 
axis will continue to focus on optimization of suppres- 
sion of androgen function while balancing the toxicity of 
treatment. 


E MECHANISM FOR LHRH 
ANALOGS, LHRH ANTAGONISTS, 
ANTIANDROGENS 


The LHRH Axis and LHRH Agonists 


Over 70 years ago, Charles Huggins and colleagues were 
the first to use orchiectomy in the treatment of men with 
advanced prostate cancer (4). 

In 1946, Huggins published the 5-year outcomes of 21 
men and demonstrated that orchiectomy could alter the 
natural history of prostate cancer and lead to prolonged 
durable remission in some patients. For this and other 
work on endocrine-regulated malignancies, Huggins was 
awarded the Nobel Prize in medicine in 1966. Further work 
understanding of the hypothalamic-pituitary-gonadal 
pathways led to the first therapeutic use of LHRH ago- 
nists in men with prostate cancer in the 1980s (5). 

The LHRH axis, also called GnRH axis, begins in the 
central nervous system with the secretion of LHRH from 
the hypothalamus (1). 

In the anterior pituitary gland, LHRH stimulates the 
release of the gonadotropins LH and FSH. LH and FSH 
then act on the testes leading to the production of testos- 
terone. Leuprolide acetate, goserelin acetate, and other 
synthetic LHRH analogs stimulate the hypothalamus in a 
constant rather than pulsatile fashion, leading to the desen- 
sitization and downregulation of LHRH receptors, LH 
and FSH production, and subsequent decrease in systemic 
circulating testosterone. Synthetic agents differ from native 
peptide by substitution of D-amino acids in position 6 and 
addition of bulky hydrophobic groups at the sixth amino 
acid position. These changes lead to increased stability, 
higher binding affinity, longer half-life, and approximately 
100-fold greater potency than endogenous LHRH (6). 

A small randomized study of an early LHRH agonist 
compared with orchiectomy demonstrated similar testoster- 
one suppression and side-effect profile in both groups (7). 
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In a larger randomized trial, there was no difference 
in serum testosterone levels, subjective and objective 
response rates, and 2-year survival outcomes of 358 previ- 
ously untreated men with metastatic prostatic carcinoma 
who received goserelin acetate every 28 days compared 
with orchiectomy (8). Since that time, medical hormonal 
manipulation has all but replaced surgical castration for 
men with advanced prostate cancer. 

The concern about LHRH agonist is the well-described 
initial transient increase in both LH that causes a rise in 
testosterone levels after initiation of LHRH analogs (9). 

Reports of bone pain in the days following initiation 
of LHRH analog therapy range from 7% to 37%, with 
rare but reported serious sequelae of testosterone surge, 
including bladder outlet obstruction, spinal cord compres- 
sion, and even death. Prophylactic antiandrogen therapy 
with flutamide nilutamide or bicalutamide initiated in the 
days to weeks before LHRH agonist administration has 
been shown to block the effect of this testosterone surge 
in prospective studies. Men pretreated with nilutamide or 
flutamide prior to LHRH initiation had similar increased 
levels of testosterone as their untreated counterparts, but 
experienced fewer treatment related symptoms and lower 
levels of PSA when measured in the days following LHRH 
initiation (10, 11). 

Thus for men with demonstrable metastasis beginning 
LHRH agonist therapy, initial pretreatment with an anti- 
androgen prior to LHRH agonist initiation, followed by 
7 to 14 additional days of antiandrogen, is considered 
standard of care. 


LHRH Antagonists 


LHRH antagonists are another class of agents that 
suppress testosterone, but lack the initial stimulation of 
LH and FSH; and thus there is no testosterone surge seen 
with these agents. In a phase III study, abarelix was com- 
pared with leuprolide in 269 men with prostate cancer 
who were suitable for medical castration (12). 

Abarelix led to a significantly more rapid decline in 
testosterone to castrate range compared with leuprolide, 
with 78% of men medically castrate after 7 days compared 
with 0% of men treated with leuprolide, though there 
were no differences in achievement of castrate testoster- 
one levels at days 29 and 85 in either group. Furthermore, 
none of the men in the abarelix group, compared with 
82% of men in the leuprolide acetate group, experienced a 
testosterone surge at therapy initiation. Due to a black box 
FDA warning of anaphylaxis with injection, the distribu- 
tion and use of this agent in the United States was tightly 
regulated, and the agent was discontinued in 2006. 

Degarelix is a potent LHRH antagonist that is an 
analog of the LHRH decapeptide (pGlu-His-Trp-Ser- 
Tyr-Gly-Leu-Arg-Pro-Gly-NH,) incorporating p-ureido- 
phenylalanines at positions 5 and 6 (13). 
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Several studies have compared degarelix to leuprolide, 
further demonstrating the early testosterone lowering 
superiority of LHRH antagonists compared with ago- 
nists. In a 610 patient study of untreated men, two dif- 
ferent dosing regimens of monthly degarelix (240 mg SQ 
for 1 month, followed by monthly maintenance 80 or 
160 mg) were tested compared with 7.5 mg IM monthly 
leuprolide (14). 

There were no significant differences in testosterone 
suppression at 28 days or maintenance of castrate levels of 
testosterone at 1 year, demonstrating that degarelix was 
noninferior to leuprolide. Patients treated on the degare- 
lix arms had significantly lower levels of testosterone at 
day 3 of treatment compared with those receiving leupro- 
lide, as well as lower mean PSA levels at days 14 and 28. 
Degarelix was associated with higher incidence of injec- 
tion site reactions and chills, but lower incidence of 
urinary tract infections and arthralgias in comparison to 
leuprolide acetate. 

To address the question of whether a change in LHRH 
analog from leuprolide to degraelix would have an impact 
on safety endpoints or clinical outcomes, Crawford and 
colleagues conducted a crossover continuation of this 
study (15). 

Men on the leuprolide arm who completed 1 year 
of therapy and agreed to continue on study were 
re-randomized to one of the two degarelix dosing 
schemes, while consenting men in the degarelix cohort 
continued treatment with the prior assigned dose. The 
primary objective was a safety evaluation, and secondary 
outcome measures included testosterone and PSA mea- 
surements. Three hundred and eighty five of the 504 men 
who completed the original study enrolled in the exten- 
sion phase, 135 of whom switched from leuprolide acetate 
to degarelix. Although a higher incidence of injection site 
reactions was seen during the first year following switch 
to degarelix, there were no increases in the rates of adverse 
events by years 3 and 4 on study when compared with the 
year on leuprolide. At a median follow up of 27.5 months, 
testosterone remained suppressed at < 20 ng/dL in both 
groups, but there was a significant improvement in PSA 
progression free survival (PFS) in men who had switched 
from leuprolide acetate to degarelix, compared with no 
change in PSA PFS in the men continuing degarelix. Lack 
of a leuprolide acetate only arm makes interpretation of 
these data somewhat confusing, and there is no current 
indication for rotating these agents with differing mecha- 
nisms for medical castration. 

Two studies suggest degarelix may have benefit over 
LHRH agonists in relief of lower urinary tract symptoms. 
Compared to goserelin acetate and bicalutamide, degare- 
lix led to a greater degree of improvement in International 
Prostate Symptom Scores (IPSS) in men with intermediate 
and high-risk prostate cancer treated for 12 weeks prior to 
planned radiotherapy (16). 
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In a similar study in men with locally advanced 
prostate cancer with significant lower urinary tract symp- 
toms, there were significantly more men with improve- 
ment in IPSS scores at 12 weeks treated with degarelix 
as compared with goserilin and bicalutamide, though this 
study was closed early due to poor accrual (17). 

Though not definitive, these studies suggest that single 
agent degarelix may have superior clinical benefit com- 
pared with combination LHRH agonist with androgen 
blockade for certain symptoms. Because many men with 
advanced prostate cancer suffer from lower urinary tract 
complaints, these data may also translate into improve- 
ment in symptom management for men with metastatic 
disease as well. 


Antiandrogens 


First generation nonsteroidal antiandrogens have been 
combined with LHRH agonists and orchiectomy with 
the goal of maximal androgen blockade (MAB). After 
studies with conflicting response data were reported, a 
meta-analysis in 1999 reported on studies conducted in 
the decade prior. Nine prospective randomized studies 
enrolled 4,128 patients with advanced prostate cancer, 
with pooled estimates of 10% improvement in over- 
all survival combining flutamide with LHRH agonist 
or orchiectomy, over medical or surgical castration 
alone (18). 

Updated meta-analyses, including those where 
individual patient data were compared, versus reported 
trial outcomes, suggest no significant differences in com- 
bined androgen blockade, and in some cases increased 
toxicity (19,20). In a multicenter phase III study of LHRH 
agonist combined with either bicalutamide 80 mg daily or 
placebo in Japanese men, there was a significant benefit in 
estimated 5-year overall survival of MAB compared with 
LHRH agonist alone (75.3% vs. 63.4%, hazard ratio, 
0.78; 95% confidence interval, 0.60-0.99; P = .0498) 
without significant increase in toxicity (21,22). 

Patients with measured nadir PSA < 1 ng/mL had a 
prolonged survival compared with those who did not, and 
more patients treated with MAB achieved this low nadir 
PSA, compared with those receiving LHRH agonist mono- 
therapy (81.4 vs. 33.7%). Given all of these data, however, 
convincing survival data are lacking, and an answer as to 
whether first line versus sequential use of MAB is better 
are yet to be determined. 

A currently enrolling multicenter cooperative group 
study may in part answer this question, through evaluation 
of overall survival in men starting first line therapy with 
LHRH agonist combined with either bicalutamide, or the 
CYP 17,20 lyase inhibitor TAK-700, a second generation 
antiandrogen with increased potency over bicalutamide 
(NCT01809691). This two arm study is not designed to 
evaluate the impact of first-line versus sequential use of 
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MAB for either arm and, with no LHRH alone arm, lacks 
a modern prospective comparator. 


Chemohormonal Therapy 


Results from the randomized trial (ECOG 3805) of 
docetaxel chemotherapy with ADT versus ADT alone in 
men with newly metastatic prostate cancer were recently 
presented in 2014, with practice changing implications 
(98). Seven hundred and ninety men accrued between 
2006 and 2012 within 4 months of starting ADT for recur- 
rent or metastatic prostate cancer were randomized 1:1 to 
docetaxel 75 mg/m? every 3 weeks for 6 cycles + ADT 
vs ADT alone. Incidences of neuropathy and neutropenic 
fever were low, with one patient death on the docetaxel 
arm. After disease progression, 123 patients on ADT 
alone received docetaxel. The median overall survival 
(OS) for patients treated with ADT alone was 42.3 months 
versus 52.7 months in those on the ADT+ docetaxel arm 
(P = .0006, HR 0.63). For patients defined as having high 
volume disease at baseline (visceral metastasis and or 4 
or more bone metastasis), the median survival difference 
was even more pronounced with OS for patients treated 
with ADT alone 32.2 months versus 49.2 months in those 
on the ADT+ docetaxel arm (P = .0012, HR 0.62). In 
the subgroup analysis of patients with low volume dis- 
ease (not meeting high volume criteria), survival medi- 
ans have not yet been reached. Thus for men with newly 
metastatic high volume prostate cancer, the addition of 
6 cycles of docetaxel within 4 months of starting ADT 
should be considered as a standard treatment option in 
the chemo-fit patient. For others it is reasonable to discuss 
the upfront addition of docetaxel, however the absolute 
benefit of early docetaxel versus the addition of docetaxel 
at castration resistant progression or beyond second line 
antiandrogen therapy has not been defined. 


PSA and Testosterone Values as Predictors 
of Outcome 


The Food and Drug Administration (FDA) defines cas- 
tration as a serum testosterone level < 50 ng/dL based 
on radioimmunoassay evaluation, though many men 
will achieve testosterone levels of < 20 ng/dL on LHRH 
analogs (23). 

Possible better outcomes of LHRH antagonist therapy 
or MAB over LHRH agonists alone may be explained by 
differences in achievable testosterone suppression. Ina ret- 
rospective series of 129 men starting hormone therapy for 
metastatic prostate cancer, men with higher measured tes- 
tosterone at 6 months had a risk of cancer-specific death 
1.33 times higher than counterparts with lower 6-month 
testosterone measures (24). 

The authors reported that lower testosterone levels 
also correlated with lower mean PSA levels at 6 months 
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and that these lower PSA values were also predictive of 
improved survival. Morote and colleagues reported that, 
in a retrospective series of men with nonmetastatic pros- 
tate cancer starting androgen deprivation therapy, that 
time to androgen-independent disease progression was 
significantly shorter in those with higher measures of 
testosterone (25). 

During three consecutive measures of testosterone 
over 6 months of therapy, those with testosterone values 
rising > 32 ng/dL experienced a mean androgen indepen- 
dent progression free survival of 88 months versus 137 
months for those whose testosterone remained < 32 ng/dL. 
In a subsequent single-center prospective study of 32 
men starting hormone therapy, those achieving testos- 
terone level < 32 ng/dL at 9 months experienced a lon- 
ger time to incidence of castrate resistant disease than 
those with measured testosterone > 32 ng/dL (33.1 vs. 
12.5 months) (26). 

In a prospective multicenter study of 153 men starting 
androgen deprivation therapy for biochemical recurrence 
only or metastatic disease, a serum testosterone level at 
6 months of < 20 ng/dL was associated with a lower risk 
of death than levels > 30 to 50 (27). 

Though accurate measurement of testosterone can be 
hard to achieve, there appears to be evidence that main- 
tenance of levels in the castrate range, specifically with 
levels < 32 ng/dL, may translate into clinical benefit and 
good prognosis of outcomes. 

Various studies have also shown that nadir PSA 
measurement during the first year of androgen deprivation 
therapy may also be predictive of outcomes. Ina single-center 
retrospective study, nadir PSA < 1.1 was an independent pre- 
dictor of survival in men with locally advanced and meta- 
static prostate cancer starting ADT (28). 

In a larger multicenter retrospective study of 747 men 
starting ADT for biochemical recurrence following 
surgery or radiotherapy, PSA nadir of > 0.2 ng/mL after 
8 months of ADT versus < 0.2 was associated with higher 
prostate cancer-specific mortality, 49% versus 2% esti- 
mated at 7 years (29). 

The prognostic value of PSA level within the first year 
of starting ADT was also demonstrated by Hussain et al. 
in the prospective Southwest Oncology Group 9346 trial, 
which randomized 1,345 men with newly diagnosed met- 
astatic prostate cancer to continuous versus intermittent 
ADT if they achieved a PSA nadir of < 4 ng/mL at month 
7 of therapy (30). 

The authors demonstrated that median survival was sig- 
nificantly longer in men who achieved a PSA < 0.2 ng/mL, 
compared with those with PSA > 0.2 to 4 ng/mL, versus 
those with PSA > 4 ng/mL, corresponding to 75, 44, and 
13 month survival, respectively. Finally, in another retro- 
spective series, Choueri and colleagues demonstrated that 
men who achieved their PSA nadir in 6 months or less had 
shorter overall survival than those whose PSA continued 
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to fall beyond 6 months of therapy initiation, suggesting 
that PSA kinetics, in addition to absolute nadir value, may 
also be predictive of outcomes in men starting hormone 
therapy for advanced prostate cancer (31). 


Rationale for Intermittent Therapy 


Though guideline recommendations support castration 
as first-line therapy for metastatic prostate cancer, thera- 
peutic castration is also commonly used in men with bio- 
chemical recurrence and local disease. Given the clinical 
heterogeneity of prostate cancer and medical comorbidi- 
ties of this older population, the absolute benefit to risk 
assessment of castration for any individual is not always 
clear. Furthermore, preclinical models suggest continuous 
androgen suppression may accelerate change to a castrate 
resistant phenotype when compared with intermittent 
androgen deprivation in in vitro and animal studies (32). 

Thus, evaluation of intermittent versus continuous 
androgen deprivation has been the subject of multiple 
studies. 

The Finn Prostate study evaluated iADT versus 
cADT in a heterogeneous population of men with locally 
advanced and metastatic prostate cancer, and found no 
significant differences in time to progression or cancer- 
specific survival between the arms (33). 

Recently, two large well-designed prospective studies 
with long-term follow-up in distinct disease states have 
been published, which may better define the patient pop- 
ulations suitable for intermittent androgen deprivation 
(ADT). Crook and colleagues evaluated castrate naive 
men without evidence of radiographic metastasis who had 
undergone primary or salvage radiotherapy for prostate 
cancer, with rising PSA > 3 ng/mL (34). 

All enrolled patients underwent induction with an 
LHRH agonist and an antiandrogen for 8 months. Those 
initially randomized to iADT who achieved PSA < 4 ng/ 
mL at 8 months commenced a nontherapy interval, with 
combined hormone therapy restarted when PSA reached 
10 ng/mL or with evidence of clinical progression. At a 
median follow up of 6.9 years, overall survival of men 
undergoing iADT was 8.8 years, and 9.1 years in those 
undergoing continuous ADT (cADT), which met the 
noninferiority endpoint for iADT compared with cADT. 
Although there were no differences in quality of life prior 
to randomization, men on the iADT arm reported sig- 
nificantly better symptom scores while on trial, including 
significantly better measures of hot flashes, libido, and 
urinary symptoms, as well as a trend toward better symp- 
tom scores pertaining to fatigue. 

In an intergroup study by Hussain and colleagues, 
3,040 men with hormone sensitive metastatic prostate 
cancer underwent induction ADT for 7 months, of whom 
1,749 achieved PSA decline to < 4 and were randomized to 
iADT versus cADT (35). 
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At a median follow up of 9.8 years, the authors 
could not conclude that iADT was noninferior to cADT 
with respect to overall survival. Statistically significant 
improvements in erectile function and mental health were 
reported in the iADT cohort. 

Three recent meta-analyses have been published with 
focus on various outcomes of prospective iADT versus 
cADT studies. In a meta-analysis of nine published and 
unpublished studies comparing continuous to intermittent 
androgen deprivation, the authors reported no differences 
in overall survival based on treatment group (36). 

Noted trends toward increase in prostate cancer 
deaths in the iADT groups were balanced by increased 
nonprostate cancer-related mortality in patients treated 
continuously, supporting research to better define discrete 
populations who will benefit from ADT. Similarly, in an 
analysis of seven trials comprising 4,675 patients, iADT 
was felt not to be inferior to cADT in regard to overall 
survival, with notation that on iADT arms, more time 
was spent castrate than noncastrate. There was a trend for 
improvement in quality of life scores as related to sexual 
function on iADT in some of the studies. In an analysis 
of eight studies comprising 4,664 men, there was again 
no difference in overall survival between groups, but a 
small, nonsignificant trend toward worse disease specific 
survival (37). 


Systemic Effects of Castration 


For many men with advanced or recurrent prostate cancer, 
the recommendation for androgen deprivation will be life- 
long. Awareness of possible side effects can help patients 
and physicians work to modify expected toxicities of this 
chronic therapy. 


Weight/Metabolic Changes 


Men with nonmetastatic prostate cancer starting andro- 
gen deprivation therapy experience a brisk change in body 
composition that can be measurable as early as 6 months 
into therapy. A prospective study of men on chronic 
ADT, those starting ADT, and healthy controls demon- 
strated that men starting ADT had significant increases 
in body fat mass and percent body fat (1.16% +/- 0.23%, 
P < .0001) and losses in lean body mass at 6 months (38). 

After 24 months, these changes were even more evi- 
dent, with men initiating ADT experiencing a loss of lean 
body mass from baseline (-2.27% +/- 0.61%, P = .001), 
with a more profound loss of lean body mass compared 
with healthy controls followed for 24 months. In a pro- 
spective study specifically designed to asses changes in 
weight following initiation of ADT, 257 men who were 
starting ADT, men with prostate cancer history not on 
therapy, and healthy men were age and comorbidity 
matched and followed for 36 months (39). 
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Compared with untreated and healthy controls, men 
on ADT gained significantly more weight, with a maxi- 
mum increase of 2.57 kg at 24 months, with change most 
pronounced in men < 65 years of age. 

In addition to changes is weight and body mass com- 
position, ADT has also been associated with impaired dia- 
betes control. In an observational cohort study of diabetic 
men with prostate cancer starting ADT or being followed 
off hormone therapy, 2,237 pairs were matched by age 
and comorbid factors and followed through the Veterans 
Affairs (VA) health system (40). 

At 1 year of observation, mean hemoglobin Alc 
measured in men on ADT had risen, indicative of worse 
diabetic control, compared with men on no therapy, for 
whom HgbA1c was stable to lower. These changes in 
HgbA 1c levels from baseline were statistically significant 
between populations. 


Cognitive Changes 


In addition to weight and metabolic changes, many men 
report subjective changes in memory and cognition on 
ADT. Studies of the effects of testosterone on cognition 
in animals and in hypogonadal men support these obser- 
vations in men initiating ADT, and have been expertly 
reviewed (41). 

To better characterize these symptoms, Mohile et al. 
performed extensive neuropsychological testing in 32 
participating men > 50 years old who were initiating 
ADT for adjuvant, nonmetastatic, or metastatic asymp- 
tomatic indications. The authors reported no significant 
detriment in performance of cognitive testing 6 months 
following ADT initiation, and in fact, measures of visuo- 
spatial planning improved for men with normal cogni- 
tive function at baseline. Forty-five percent of enrolled 
men had impairments in two or more neuropsychiatric 
tests at baseline, indicative of possibly unrecognized mild 
cognitive impairment in this typically older population. In 
a Canadian study, men over 50 years old starting ADT for 
prostate cancer, compared with those with prostate can- 
cer not starting ADT, and healthy controls were assessed 
using a neuropsychologic testing at baseline, 6, and 
12 months (42). 

Subtle declines in memory were noted at 12 months 
in the ADT group but could not be confirmed, and the 
authors thus concluded that there was no clear evidence of 
a detrimental effect of ADT on cognitive function. 

Ina observational prospective VA medical center study, 
15 men with localized prostate cancer or with biochemical 
recurrence starting ADT and 15 men with localized pros- 
tate cancer undergoing expectant observation underwent 
a battery of baseline and 6 month follow-up neuropsycho- 
logical and functional MRI testing (fMRI) (43). 

There were no differences in neuropsychological 
testing scores between groups and no significant change 
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from baseline to 6-month measures within the groups. 
However, there were significant differences at 6 months 
noted on fMRI testing both at rest and during a cogni- 
tive control task, with men receiving ADT having signifi- 
cantly lower rates of activation in brain regions associated 
with cognitive control, though definitive conclusions can- 
not be drawn from this small series. Finally, a review of 
nine mostly prospective controlled studies concluded that 
there are likely subtle declines in measures of cognition 
that occur following ADT, and that methods and particu- 
lar areas of measurement may impact study outcomes and 
conclusions (41). 


Cardiovascular Changes 


Cardiovascular disease remains the most common cause 
of nonprostate cancer—associated death among men with 
prostate cancer. Given the age and comorbid complexity 
of this population, many have investigated whether there 
is a causative association between ADT and cardiovascu- 
lar morbidity and mortality, and the topic remains contro- 
versial. Men with preexisting comorbidities, the elderly, 
and those with poor functional status undergoing treat- 
ment for localized intermediate- and high-risk cancers 
may not be offered surgery, thus skewing the population 
of men with reports of cardiovascular morbidity on ADT 
to a likely sicker population. There is little data on car- 
diovascular risk and ADT in the noncastrate metastatic 
population, but many thoughtfully designed and large 
studies have been done to evaluate this association in vari- 
ous prostate cancer disease states. 

To better determine if there is association between 
ADT and cardiac risk, Medicare analyses using SEER 
data that capture claims for men 66 and older have been 
reported. In an analysis of over 73,000 men with locore- 
gional prostate cancer diagnosed between 1992 to 1999, 
over 18,000 of whom were treated with ADT, rates of dia- 
betes, coronary heart disease, myocardial infarction, and 
sudden cardiac death were significantly higher (adjusted 
HRs 1.44, 1.16, 1.11, 1.16, respectively) in those treated 
with ADT compared with untreated men (44). 

Saigal and colleagues identified over 22,000 men 
with newly diagnosed prostate cancer between 1992 and 
1996, with 21% of those starting ADT for various disease 
states (45). 

One multivariable analysis, after accounting for age, 
prostate cancer grade, stage and treatment, race, comor- 
bidity score, socioeconomic status, and prior cardiac dis- 
ease, showed that men on ADT had a 1.2 times increased 
risk of cardiovascular events than men with prostate can- 
cer not on ADT. In men with reported cardiovascular 
disease preceding prostate cancer diagnosis, the risk of car- 
diovascular events following ADT was twice that of men 
with no reported cardiac comorbidity. In an observational 
study of over 37,000 veterans with locoregional prostate 
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cancer diagnosed between 2001 and 2004, incidences of 
diabetes, coronary heart disease, myocardial infarction, 
sudden cardiac death, and stroke were significantly higher 
(adjusted HRs 1.28, 1.19, 1.28, 1.35, 1.22) in the 39% of 
men treated with ADT compared with untreated men (44). 

The CaPSURE registry (Cancer of the Prostate Strategic 
Urologic Research Endeavor) is a database of men with 
prostate cancer of varied disease states and treatments from 
mostly community urology practices nationwide, with 
incorporated patient-reported comorbidity data (46). 

Over 7,000 men diagnosed with localized prostate 
cancer between 1995 and 2007 were analyzed based on 
type of treatment received, including surgery, radiother- 
apy with or without ADT, ADT alone, or surveillance/ 
watchful waiting (s/ww). Men treated with either ADT 
alone or s/ww had significantly higher incidences of car- 
diovascular mortality (HRs 1.94 and 2.46, respectively) 
than those treated with surgery or radiotherapy. These 
significant differences in cardiovascular mortality were 
not sustained when adjusted for cancer-specific factors 
such as PSA and Gleason score, as well as comorbid dia- 
betes, hypertension, coronary disease, and demographics. 

A 2011 meta-analysis of 4,141 patients from eight 
randomized controlled trials of high-risk localized pros- 
tate cancer patients treated with either short-term (3-6 
months) or long-term (> 5 years) ADT with surgery or 
radiotherapy demonstrated no increased risk of cardio- 
vascular death in men treated with ADT compared with 
untreated men (11.0% vs. 11.2%) (47). 

However, it did show an improvement in prostate 
cancer-specific as well as all-cause mortality in those 
treated with ADT, better defining the cardiac mortality 
risk to benefit relationship of ADT in this defined popu- 
lation with localized high-risk cancer. The authors and 
commentators stress that data from this clinical trial pop- 
ulation is not necessarily reflective of all patients, as those 
with severe preexisting cardiovascular disease would 
likely have been excluded from prospective trials (48). 

Furthermore, without preplanned stratification by 
risk, this meta-analysis cannot exclude an excess risk of 
increased cardiovascular mortality in a small percent- 
age of men. This point was reinforced in a retrospective 
review of over 14,000 men treated with brachytherapy, of 
which nearly 43% also received ADT, and of whom 9% 
had previous myocardial infarction or congestive heart 
failure and were selected for review (49). 

In this group of men with preexisting cardiac disease 
treated in the community, there was an increased risk of all- 
cause mortality in those who received ADT compared with 
those not treated with ADT (adjusted HR 1.76). In a Danish 
population-based observational study of 31,571 men with 
prostate cancer of all disease states, ADT was again associ- 
ated with increased risk of MI and stroke (adjusted HRs 
1.31 and 1.19), but this risk was not compounded in the 
11% of men with preexisting MI or stroke (50). 
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Finally, a SEER database review of over 185,000 men 
with locoregional prostate cancer described an association 
between use of ADT and increased incidence of MI and 
diabetes (adjusted HRs 1.09 and 1.33) (51). 

Regardless of ADT treatment, increased risk of 
MI was seen in men with comorbid previous MI, CHF, 
peripheral arterial disease, stroke, hypertension, COPD, 
and renal disease. 

Several of the studies above separately analyzed men 
who had undergone orchiectomy, with findings both 
consistent with, and neutral, regarding increased ADT 
risk (44, 50-52). 

However, with only a minority of patients in these 
series, between 0.8% and 7% of subjects, having had 
orchiectomy with the remainder medically castrate, these 
data are likely underpowered to inform a clear relation- 
ship to cardiac risk from orchiectomy. Two studies regard- 
ing cardiac risk and the LHRH antagonist degarelix have 
been published. In an analysis of cardiovascular events 
reported in degarelix studies, the authors reviewed data 
on 1,704 patients from 9 prospective trials and found no 
significant increase in cardiovascular event rates in the 
years before and after degarelix initiation (53). 

However, in the subset with prior reported cardiac 
disease, the cardiovascular event rate was significantly 
higher following degarelix treatment (HR 1.98). In a pro- 
spective study comparing 12 months of degarelix to leup- 
rolide acetate in which incidence of cardiac events was an 
endpoint, ischemic heart disease was the most commonly 
reported event, but the incidence did not differ statistically 
by treatment arm (14, 54). 

The underlying pathophysiology for such increase 
is likely complex. At least two groups have shown that 
even with short course ADT, measures of arterial stiffness 
increase (55,56). 


Sexual Function 


Most men treated with ADT have had primary therapy 
with radical prostatectomy and/or radiotherapy. The 
effects of ADT on sexual function are thus often addi- 
tive to preexisting surgery or radiation-induced changes. 
Postprostatectomy, most men have at least transient com- 
plaints, but others suffer long-term erectile dysfunction, 
urinary incontinence, decrease in penile size, Peyronie dis- 
ease, and altered ejaculatory function (57). 

A small prospective study of sexually active men 
initiating ADT showed statistically significant declines 
in measures of nocturnal tumescence following ADT 
initiation that correlated with declines in testosterone and 
sexual function (58). 

ADT leads to a brisk decline in testosterone levels, 
with resulting decrease in libido and impotence in the 
majority, but not all patients, underscoring the complexity 
of sexual function (59-61). 
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More significant changes in sexual function following 
ADT initiation were noted in men under 70 and in non- 
diabetics, suggesting that men without preexisting sexual 
dysfunction or age-related testosterone decline may have 
the most pronounced changes in their sexual satisfaction 
following ADT (62). 

More insidious changes, such as weight gain, gyneco- 
mastia, fatigue, and loss of body hair can contribute to 
emotional distress and impact intimacy and sexuality (57). 

A small study of education intervention at ADT 
initiation, consisting of written materials and a counseling 
session, compared with usual care was suggestive that 
enhanced education focused on ADT side effects may pre- 
serve feelings of intimacy among coupled men who are 
starting ADT (63). 


Bone Health 


SEER data reveal that in men over 66 years of age with 
prostate cancer, ADT is associated with an increased 
fracture rate compared with untreated men in the same 
population, leading to significant morbidity and even 
mortality (64, 65). 

In patients without metastatic disease, ADT use 
was associated with a 34% increased risk of fracture, 
with increased risk associated with higher cumulative 
ADT exposure. Despite guideline recommendations, 
pretreatment DEXA for osteoporotic risk assessment 
is underutilized, despite high fracture risk in this 
population (66, 67). 

The greatest loss of bone mineral density (BMD) 
appears to be noted during the first year of ADT, with 
data to support various pharmacological and nonphar- 
macological interventions that can lead to improved 
BMD (66, 68). 

In a prospective study of intermittent androgen depri- 
vation therapy in men with biochemical recurrence alone, 
Yu and colleagues demonstrated that while BMD fell an 
average of 3.4% during the initial 9-month period of ADT, 
it also recovered by 1.4 % during the first period off ADT, 
indicating that iADT may protect bone health in men 
appropriate for this treatment paradigm. Various studies 
have demonstrated that pharmacologic intervention with 
bisphosphonates, selective estrogen receptor modulators, 
and RANK ligand inhibitors can improve parameters of 
bone health in men undergoing ADT (69, 70). 

In a randomized study of pamidronate 60 mg every 
12 weeks compared with placebo in castrate naive men 
starting ADT, men treated with pamidronate experienced 
significantly less bone loss at 48 weeks compared with 
men in the control group (71). 

Studies of 4 mg of zolendronic acid given quarterly 
to men initiating ADT compared with those on placebo 
demonstrate consistent improvements in BMD during the 
first year of ADT, compared with stable BMD or bone loss 
in control groups (72, 73). 


306 


Finally, the effects of denosumab, a monoclonal anti- 
body against the receptor activator of nuclear factor-kB 
ligand (RANK-ligand), at 60 mg every 6 months in men 
on ADT were reported. Compared with those receiv- 
ing placebo, men on ADT treated with denosumab had 
an increase in BMD in the lumbar spine at a 24-month 
endpoint, and a decrease in new fractures at 36 months (74). 


Hot Flashes 


Hot flashes or vasomotor symptoms are reported in up to 
80% of men receiving ADT, tend to be persistent during 
the course of therapy, and are associated with measures of 
disease-related distress (75,76). 

Although the exact etiology of these flashes is 
unclear, neurotransmitter dysregulation due to testos- 
terone suppression and interference with hypothalamic 
control of thermoregulation is thought to be the driving 
mechanism (77). 

Low-dose estrogen therapy and progesterone treat- 
ments with agents such as megace have met with success 
in ameliorating symptoms in small studies, but concern 
regarding effects on cancer control limit their use (78, 79). 

In a prospective blinded French study, men on ADT 
for 6 months with complaints of hot flashes were ran- 
domized to medroxyprogesterone, cyproterone (a steroid 
with antiandrogenic, antigonadotropic, and progestin-like 
activity), or the selective serotonin release inhibitor (SSRI) 
venlafaxine (80). 

All men reported a significant decrease in hot flash 
symptoms compared with baseline, with more pro- 
nounced decreases in the medroxyprogesterone and 
cyproterone treated men. Gabapentin at dosed at 300, 
600, or 900 mg daily or placebo was evaluated in a 
prospective randomized study, with a dose-dependent 
decrease in symptoms noted compared with baseline after 
4 weeks on therapy (81). 

In an 8-week extension of this study, men titrated 
from lower doses or placebo to 900 mg of gabapentin 
daily experienced symptomatic improvement, but more GI 
side effects than the placebo treated men (82). 

Separate placebo controlled studies of venlafaxine, 
fluoxetine, paroxetine, and sertraline have all demon- 
strated improvement in hot flash frequency by at least 
50% in 21% to 57% of men within weeks of initiating 
these SSRIs on trial. In a randomized study, the authors 
reported a decrease in hot flash incidence of 65% in men 
treated with pregabalin 75 mg twice daily versus placebo, 
and felt that this dose optimally controlled symptoms 
compared with treatment-induced toxicity noted on 150 
mg twice daily (83). 


Novel Agents to Avoid Hormonal Manipulation 


For men with history of prostate cancer treated defini- 
tively with surgery, radiotherapy, or both, a rising PSA in 
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the absence of overt radiographic metastasis defines a fail- 
ure of local therapy, but may predate the onset of clinically 
significant metastasis by many years. Short PSA doubling 
time (PSADT), particularly 3 months or less and in some 
studies up to 15 months or less, predicts for short metas- 
tasis free survival and prostate cancer-specific death, and 
thus initiation of ADT is recommended for these men and 
for those with high PSA (> 50) (84-87). 

However, for those with prolonged PSADT, particu- 
larly those with PSADT of 15 months or greater, options 
other than ADT are reasonable to consider, as time to devel- 
opment of clinically significant metastasis could be years 
from the onset of biochemical failure. As described, the side 
effects of ADT can be profound, thus men with biochemi- 
cal failure following definitive local therapy represent a 
population for whom there are limited therapeutic options 
and novel nonhormone agents can be studied. Large stud- 
ies of peripheral androgen blockade with finasteride and 
dutasteride have demonstrated improvement in measures of 
PSA kinetics and are generally well tolerated (88, 89). 

Currently, a prospective phase II cooperative group 
study of bicalutamide in conjunction with the AKT inhibi- 
tor MK2206 is ongoing (NCT01251861). 

A variety of other agents have been evaluated in 
men with biochemical recurrence following definitive 
local therapy, with the majority of studies utilizing PSA 
kinetics and change in PSADT as endpoints given the lack 
of measurable disease. A phase II study of the tyrosine 
kinase inhibitor imatinib was promising but discontinued 
because of toxicity (90). 

The antiangiogenic and immunomodulatory agent 
lenalidomide has been studied, with evidence of effect on 
PSA kinetics, with dose-dependent effect on PSA and tox- 
icity measures (91). 

The cyclooxygenase-2 inhibitor celecoxib has been 
evaluated either alone or in combination in multiple stud- 
ies also with modest impact on PSA measures with modest 
toxicity profile (92-94). 

Lin and colleagues evaluated the cardiac glycoside 
digoxin with prolongation of PSADT noted in 47% of 15 
enrolled patients and favorable toxicity profile (95). 

Finally, studies of natural products such as acai juice 
as well as pomegranate extract have demonstrated slow- 
ing of PSADT, encouraging findings for this population 
for whom there is particular interest in the evaluation non- 
toxic agents (96,97). 
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E INTRODUCTION 


Prostate cancer evolution has been portrayed as a variety 
of different dynamic models or clinical states (1) that 
transition into behaviorally distinct diseases with unique 
sensitivities to different agents. Within the last 2 years, 
five new treatments have been incorporated into the 
clinical states with the discerning line of treatment demar- 
cation for starting a specific drug treatment depending on 
whether or not the patient had received docetaxel to after 
failing hormonal therapy(ies). Among these treatments is 
the first cellular product therapy, sipuleucel-T (Provenge®) 
(2), second-line post-docetaxel chemotherapies with caba- 
zitaxel (Jevtana®) (3), radium-223 (Algeta®) (4), and two 
androgen receptor (AR)-targeted oral agents, enzalutamide 
(Xtandi®) (5) and abiraterone (Zytiga®) (6). All of these 
new drugs conveyed a 3- to 4-month survival benefit much 
in keeping with the standard chemotherapy docetaxel. 
Unlike its other treatment counterparts, sipuleucel-T still 
remains as a treatment for patients with asymptomatic or 
minimally symptomatic castrate metastatic disease often 
given in the prechemotherapy window. Although cabazi- 
taxel, radium-223, enzalutamide, and abiraterone have 
all been approved in the post-docetaxel setting, recent 
phase III clinical findings have now received approval 
from regulatory agencies to use the AR-directed therapies 
earlier in the prechemotherapy setting (7, 8). The flexibil- 
ity of treatment options in the pre- and post-docetaxel are- 
nas has delighted many oncologists and urologists as the 
treatment armamentarium has markedly expanded and 
patients could be delayed from going on to “life-altering” 
treatment with chemotherapy sometimes delaying refer- 
rals from the urologist to the medical oncologist. 
Although clinical trials are still addressing how to 
best strategize the order in which AR-directed therapies 
are given and whether they are best used as single agents, 
or given together, or in combination with chemotherapy, 
biologics, or immune-based therapies, there remains one 


Metastatic Castrate-Resistant 
Prostate Cancer: Mechanisms 
of Hormone Escape 


issue that continues to unite all these therapies, that is, how 
does the disease become resistant to these drugs and how 
can resistance be avoided? The assumption has naively 
been that prostate cancer is a heterogeneous disease with 
cells that are of a lethal or indolent phenotype but whose 
proportions change over time through a variety of selec- 
tion mechanisms. However, as the anatomy of AR has 
become more unraveled, our understanding how to best 
target this gene, its cofactors, and splice variants is taking 
the forefront to assist in how to develop agents that can 
target one or more sites within AR. 


E ANATOMY OF THE ANDROGEN 
RECEPTOR 


Understanding how to best develop AR-directed agents and 
to use them optimally has been gleaned by a comprehensive 
understanding of AR. AR is a member of the steroid hor- 
mone receptor family; other family members consist of the 
estrogen, progesterone, mineralocorticoid, and glucocor- 
ticoid receptors (GRs) (9). AR is a 919-aminoacid protein 
encoded from approximately 180-kb gene that is located 
at chromosome Xq11-12. It is composed of three major 
functional domains and several activation functional units 
that control its activity (Figure 19.1.1) (10). The N-terminal 
domain (NTD) (11-13) is the largest portion of the recep- 
tor that is highly unstructured and contains one of the two 
activation function (AF1) motifs. The second functional 
region is the DNA-binding domain (DBD), which contains 
two zinc fingers. These zinc fingers have different functions, 
first interacts with the androgen-response element (14-16) 
and the second facilitates dimerization (14, 16). A flex- 
ible hinge region connects the DBD to the ligand-binding 
domain (LBD), where a second transcriptional activation 
function (AF2) resides (17-19). AR is localized in the cyto- 
plasm and usually remains inactive but does have some inti- 
macy with heat shock proteins HSP90, HSP70, HSP56, and 
HSP27 (20, 21), which prevents it from entering the nucleus 
(22-24). It is well known that AR expression is elevated 
in castration-resistant prostate cancer (CRPC) (10, 25, 26); 
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FIGURE 19.1.1 Anatomy of the androgen receptor (AR). Diagram depicting full-length androgen 
receptor (ARFL) and AR variants. Variants fall into two categories based on structure: truncated variants 
(e.g., AR-V7) and exon-skipping variants (e.g., AR’). DBD, DNA-binding domain; LBD, ligand-binding 
domain; AF, activation function; TAU, transcriptional activation uni; core motifs LKDIL and WHTLF regu- 
late androgen-independent and androgen-independent AR activity, respectively. The number of amino 
acids in AR is variable and based on the assumed length of 919 amino acids. Variations in the length 
of AR are frequent due to a variable number of glutamines. 

Source: From Ref. (10). Van der Steen T, Tindall DJ, Huang H. Posttranslational modification of the andro- 
gen receptor in prostate cancer. Int J Mol Sci. 2013;14:14833-14859. Reproduced with permission of 


publisher. 


this may be reflective of a hypersensitivity to androgens 
(27-29), or represent constitutive activity (30), or activation 
by other noncanonical pathways (21). A potential mecha- 
nism of resistance to standard hormonal therapy may lie 
in the fact that there is intratumoral production thereby 
activating AR in an intracrine manner (31). Constitutively 
active AR splice variants have been identified (32-37) and 
may be clinically relevant given their expression not only 
on prostate cancer cell lines and xenografts but also on 
human tumors (38, 39). These AR variants (AR-Vs) remain 
of scientific and clinical interest as they are not dependent 
on androgens for activation as they do have LBDs (40, 41). 
These basic observations have laid the groundwork for drug 
discovery that will be seen below. 

Recent data have demonstrated that AR signaling 
cascades contribute to the development of early and late 
metastatic disease. Multiple downstream AR targets and 
important AR cofactors have been identified, which can 
impact on both the AR pathway and the associated clini- 
cal metastatic phenotypes. Androgens work through AR 
signaling with the antitumor effect of antiandrogens lim- 
ited to 18 to 24 months before resistance occurs. Current 
hormone therapy for prostate cancer targets the LBD 
of the AR using drugs that lower serum testosterone, 
which are often given with competitive AR antagonists 
(Figure 19.1.2). Ligand-reducing therapy alone is not cura- 
tive. Studies at the University of Washington have shown 
that ligand-reducing therapies, that is, antiandrogens alone 
or in concert with a gonadotropin-releasing hormone 
(GnRH) agonist/antagonist, only reduce the intratumoral 
androgens by 75% at a time when androgen levels in the 
blood are in the castrate range (42). In this androgen- 
depleted environment, cells that have survived androgen 
depletion undergo adaptive changes that inhibit castration- 
induced cell death, rendering them more resistant. The 
finding of continued expression of AR target genes such 
as PSA and TMPRSS2 shows that the levels of androgen 
that remain are sufficient to signal through the receptor. 


Role of AR in Metastatic Disease 


AR facilitates the metastatic process and/or maintenance 
of metastatic disease. There have now been significant 
changes in the AR cistrome as a function of disease pro- 
gression, often attributed to altered expression of critical 
AR cofactors. Multiple investigative studies have revealed 
major roles for AR in promoting prometastatic events 
through several different mechanisms. These include 
(a) differential chemokine receptor/ligand function; (b) 
altered function of tumor-associated AR cofactors (e.g., 
FOXA1, cyclin Dib, and SWI/SNF); and (c) formation 
of prometastatic, AR-dependent gene fusions and down- 
stream effectors (e.g., SOX9) (43). Chemokine receptors 
have been shown to be regulated by AR (44, 45). The che- 
mokine receptors belong to the G protein-coupled receptor 
(GPCR) family of proteins with over 20 known members 
within this family. Each member has a conserved struc- 
ture consisting of a seven-pass transmembrane monomer 
and a soluble cytoplasmic tail (43, 46, 47). 

Data by Nelson et al. (48, 49) and others (50, 51) 
have demonstrated that AR, even under the influ- 
ence of a GnRH agonist and an antiandrogen, can still 
be active with the tumor despite achieving castrate 
levels of testosterone in the serum to less than 10 ng/dL 
(Figure 19.1.3). This confirms that although patients 
appear to be responding to their hormonal therapy early 
on, intratumoral resistance slowly develops over time. 
The recent discovery that AR signaling persists during 
systemic castration via intratumoral production of andro- 
gens has led to the successful development and approval 
of AR-directed therapies including abiraterone acetate and 
enzalutamide. The upregulation of enzymes involved in 
androgen biosynthesis such as AKR1C3 occurred within 
the tumor microenvironment (31, 42, 52—54); other studies 
that evaluated androgen levels and mRNA levels of relevant 
androgen synthesis enzymes have proposed that prostate 
cancer bone metastases can convert adrenal androgens to 
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FIGURE 19.1.2 The androgen receptor (AR) pathways. Multiple mechanisms that can destabilize AR may be 
achieved through HSP90 inhibitors or inhibitors of HSP9O-HDAC association. Alternatively, peptides have been used 
to disrupt the AR N-C-terminal interaction that could reduce AR association with chromatin, in addition to peptides 
derived from AR corepressors. The AR-directed agent, enzalutamide, precludes both AR-DNA association and AR 
nuclear accumulation, whereas abiraterone, a selective CYP17 inhibitor, suppresses both testicular and adrenal andro- 
gen synthesis via blockade of 17a-hydroxylase and C17,20-lyase enzymes in the adrenal steroid synthetic pathway. 


Source: From Ref. (43). Knudsen KE, Scher HI. Starving the addiction: new opportunities for durable suppression of 
AR signaling in prostate cancer. Clin Cancer Res. 2009;15:4792-4798. Reproduced with permission of publisher. 


testosterone and dihydrotestosterone (DHT) (42, 54). One 
study has suggested that metastatic castration-resistant 
prostate cancer (mCRPC) is dependent on the conver- 
sion of precursor androstenedione to Sa-androstenedione, 
which is then converted to the active form of testosterone, 
DHT, and bypassing the prior conversion to testoster- 
one. Interestingly, according to a recent report by Chang 
et al. (55), other mechanisms may include amplification 
of the HSD1783 gene by the metastatic prostate cancer 
with sustained copy number loss of the HSD17B2 gene, 
which could in turn lead to diminished conversion of tes- 
tosterone to the less active androstenedione (56). The het- 
erogeneous expression of various steroidogenic enzymes 
within the tumor microenvironment has been identified 
in patients with mCRPC by Mitsiades et al. (57). These 
observations suggested that a blockade of a combination 
of enzymes is involved in androgen biosynthesis and hence 
their blockade by more directed antiandrogens may be a 
therapeutic pathway. Data by Efstathiou et al. (58) had 
confirmed this by demonstrating that abiraterone acetate 
could suppress testosterone concentrations in blood and 


the tumor microenvironment to less than picograms per 
milliliter. Although our understanding of the critical 
pathways involved in AR signaling and amplification has 
broadened, resistance can occur within 3 to 6 months 
after starting these agents (de novo resistance) and others 
may become resistant later (acquired resistance), that is, 
more than 6 months. 

Hofland et al. (59) quantified the steroidogenic 
mRNA expression in a panel of experimental models of 
human prostate and in human normal and cancerous tis- 
sues (Table 19.1.1). Examining a wide variety of prostate 
cases, they could not detect the simultaneous expression of 
all enzymes necessary for de novo synthesis of androgens 
from cholesterol to testosterone. Intraprostatic produc- 
tion of DHT was found to occur starting from andro- 
stenedione due to the presence of AKRIC3 and SRDSA1. 
Intratumoral ARKIC3 was upregulated in patients receiv- 
ing hormonal therapy, in addition to the presence of over- 
expressed AR, thereby suggesting a mechanism whereby 
castration-resistant disease could evolve. Therefore, it was 
suggested that the substrate for AKRIC3-encoded enzyme 
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FIGURE 19.1.3 Expression of AR mRNA and protein in castrate-metastatic samples (A), including amplification of the gene by AR FISH (B). 


Source: From Ref. (50). Holzbeierlein J, Lal P, La Tulippe E, et al. Gene expression analysis of human prostate carcinoma during hormonal therapy 
identifies androgen-responsive genes and mechanisms of therapy resistance. Am J Path. 2004;164:217-227. Reproduced with permission of 


publisher. 


would be adrenally derived androstenedione given its 
presence in the serum in nanomolar range. The authors 
conclude that enzymes for the de novo synthesis of andro- 
gens are poorly expressed in normal humans and in pros- 
tate cancer samples including lymph nodes as well as in 
animal models. The increased expression of SRDSA1 dur- 
ing tumor progression was compared with AKRI3, which 
increases during hormonal therapy. The implication is 
that these expression changes can lead the cancer to con- 
vert circulating steroids of adrenal origin to testosterone 
and DHT locally. Recent work by Schoenborn et al. (60) 
has defined genetic subgroups of prostate cancers with 
high levels of inter- and intratumoral heterogeneity. 


Development of AR Resistance 


Terminologies regarding androgen or “hormone” resis- 
tance have changed over the years. Historically, if a patient 
who had been on either a GnRH agonist alone or in com- 
bination with an antiandrogen such as flutamide, bicalu- 
tamide, or nilutamide failed treatment as indicated by 
a rise in prostate specific antigen (PSA) after achieving a 
nadir PSA of less than 0.05 ng/dL, the patient was deemed 
as “hormone refractory,” meaning that the likelihood of 
responding to additional hormones was minimal or nil. 


These nonsteroidal antiandrogens are reversible inhibitors 
that bind to the LBD of AR with low affinity relative to 
androgens and offer incomplete transcriptional inhibition. 
All these drugs bind to AR, but the affinity of binding may 
be variable (61). It was then found by others (61) that a 
patient could undergo a “withdrawal” response by discon- 
tinuing the current antiandrogen and observing whether 
the cessation of the current antiandrogen could cause a 
decline in PSA or disease. This “antiandrogen withdrawal” 
response was further validated to be true in many patients, 
with the attempt to try another antiandrogen if the achieved 
response was no longer maintained (62). Patients have often 
been given two or even three antiandrogens with contin- 
ued sensitivity to each albeit for shorter periods of time. 
This led to the understanding that patients were not truly 
“refractory” to hormonal manipulations but were resistant 
to the current hormonal treatment without being resistant 
to future antiandrogens. 

To understand the mechanisms contributing to 
treatment resistance, mRNA expression profiles of 
prostate cancers representing untreated and posthor- 
mone-treated primary tumors and castration-resistant 
metastatic disease have been performed. This analysis 
showed persistent expression of AR mRNA and protein 
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Chart of cell lines used to study AR characteristics of prostate cancer cell lines and xenografts 


Androgen dependence 


Cell lines 
LNCaP Responsive 
VCaP Responsive 
DuCaP Responsive 
PC346C Responsive 

Xenografts 
PC82 Dependent 
PC295 Dependent 
PC310 Dependent 
PC346 Responsive 
PC346B Responsive 
PC374 Responsive 
PC133 Independent 
PC135 Independent 
PC324 Independent 
PC339 Independent 
PC346I Unresponsive 
PC346BI Unresponsive 
PC374F Unresponsive 


AR status Origin 
AR+ Lymph node 
AR+ Bone 
AR+ Dura 
AR+ PC346 
AR+ Prostate 
AR+ Lymph node 
AR+ Prostate 
AR+ TURP 
AR+ TURP 
AR+ Skin 
AR- Bone 
AR- Prostate 
AR- TURP 
AR- TURP 
AR+ PC346 
AR+ PC346B 
AR+ PC374 


Source: Modified from Ref. (59). Hofland J, van Weerden WM, Dits NFJ, et al. Evidence of limited contribution for intratumoral 
steroidogenesis in prostate cancer. Cancer Res. 2010;70(3):1256-1264. Reproduced with permission of publisher. 


in the castrate-metastatic samples (A), including ampli- 
fication of the gene by AR fluorescence in situ hybrid- 
ization (FISH) (B) (40). AR expression in the residual 
tumor following ligand-directed ADT alone showed 
reduced but persistent AR gene expression. More impor- 
tantly, the AR and AR gene expression levels were 
reduced relative to untreated primary tumors, many of 
the posthormone-treated samples continued to express 
AR target genes (e.g., PSA, prostatic acid phosphatase, 
prostate-specific transglutaminase [TGP], kallikrein 1 
[KLK1], and TMPRSS2) (40, 51). An association was 
also shown between the level of PSA mRNA and protein 
expression and biochemical relapse (51). 

The study of targeting the AR and the AR signaling 
axis has been limited by the lack of pretherapy biopsies, the 
arrayed samples were provided from whole prostate tissue 
that was not microdissected, and the absence of quantifi- 
cation of androgen levels in prostate tissue. Nonetheless, 
recent clinical observations, molecular profiling studies, 


and laboratory work support the concept of AR signaling 
as a mechanism of oncogenic growth. 

Despite multiple mechanisms by which resistance can 
develop, studies of cell lines and prostate cancers indicate 
that several alternative splice forms of the AR (63-65) may 
explainthecomplementary resistance of newer AR-directed 
therapies such as enzalutamide and abiraterone (Figure 
19.1.4). These AR-Vs have somewhat different structures. 
Although each variant lacks portions of the LBD, the 
AR-Vs have different structure. The lack of a LBD predicts 
a greater likelihood of a constitutively active receptor. The 
elevated expression of AR splice variants was also found 
to be associated with a more rapid disease recurrence fol- 
lowing surgery for localized disease, when compared with 
patients with lower expression of the variant (64, 65). Splice 
variant forms were not seen in primary prostate cancers. 
Many investigators have felt that such data may suggest 
that the presence of constitutively active splice variants of 
the AR arises following castration may play a major role 
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Illustration of splice variants. Depiction of full-length AR with AR variants. The AR variants fall into 


two categories based on structure: truncated variants, that is, AR-V7, and exon-skipping variants, that is, ARV”. 


Source: From Ref. (76). Li Y, Chan SC, Brand LJ, Hwang TH, Silverstein KA, Dehm SM. Androgen receptor splice vari- 
ants mediate enzalutamide resistance in castration-resistant prostate cancer cell lines. Cancer Res. 2013;73(2):483-489. 


Reproduced with permission of publisher. 


in prostate cancer progression. Recent data by Cai et al. 
(66) reported the identification and characterization of a 
previously unrecognized AR splice variant that comprised 
the full sequences of exons 1 to 4 and the full sequence of 
exon 8, skipping exons 5, 6, and 7 (denoted as AR”°”*), 
Not only was it constitutively active but also increased the 


expression of full-length AR in the absence of ligand. This 
alternative splicing event appeared to have led to a frame 
shift, so that 10 amino acids that the authors felt to be 
unique were encoded for and followed by a stop codon 
that resulted in an AR-V protein that is 180 amino acids 
shorter than the AR protein. This variant, unlike other 
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reported AR splice variants, retained the hinge region, a 
feature deemed necessary for complete nuclear transloca- 
tion of the AR (66) and hence transcription and activation. 

The potential clinical ramifications were further evalu- 
ated by Cai et al. (66), who interrogated a variety of tissues 
including lymph node, lung, liver, and bone obtained from 
men who died of castrate metastatic prostate cancer. Over 
50% of the specimens that contained detectable AR tran- 
scripts were positive for one or more of the constitutively 
active variants. The presence of ARs was not distributed 
in a random fashion among the patients but rather the vari- 
ant clustered within a patient’s specimens. As expected, not 
all specimens within a patient were positive for an AR-V, 
consistent with a hypothesis of ongoing splicing activity 
that generates AR-Vs. Additional examination of speci- 
mens for the presence of two other AR-Vs recently reported 
to affect survival in prostate cancer, AR3 and AR-V7 (31, 
64). ARs was the most common of the three variants 
examined, and several specimens contained more than one 
AR-V. Additionally, the authors found that nearly all the 
specimens that contained one or more of the variants also 
contained full-length AR, which was not surprising. These 
observations are in keeping with the multiple mechanisms 
by which AR remains activated despite castration. 


Concepts of Innate (de Novo) and Acquired 
Resistance 


The approval of enzalutamide, an antiandrogen that 
blocks translocation of AR to the nucleus, and abi- 
raterone, a CYP17,21-lyase inhibitor that targets andro- 
gen steroidogenesis have provided an alternative to 
the current antiandrogens that have been used for over 
20 years. Their respective mechanism of action remains 
unique (5, 6), yet despite the use of these drugs both post- 
docetaxel and now in the pre-docetaxel space, resistance 
to one drug does not necessarily preclude resistance to 
the other, although there are data from de Bono’ group 
to suggest that failure in the prechemotherapy space may 
portend rapid failure to docetaxel (67, 68). 

While the elucidation of the exact mechanism of action 
by which resistance occurs given the many possible means 
by which it can occur, data from clinical trials may suggest 
unique patterns by which one may be able to glean how 
patients become resistant to these AR-directed agents. In 
a review by Rathkopf and Scher (69), the authors suggest 
that they may have an “innate” resistance when a patient 
is exposed to a drug versus an “acquired” resistance that 
is seen in patients who have been through hormonal mul- 
tiple agents over time. This is suggested by those patients 
who underwent treatment with enzalutamide who dem- 
onstrated three consecutive PSA declines following treat- 
ment. These patients were shown to have prolonged 
radiographic progression-free survival (PFS) with a median 
unreached versus those who had no sequential declines 
and whose median PFS remains less than 6 months. It is 
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likely that individual patterns to different AR-directed 
agents will declare themselves over time. Multiple authors 
have attributed failure on enzalutamide and abiraterone 
with changes in AR splice forms, which lack the LBD in 
addition to non-AR mechanisms that may be unknown. 
Hu et al. (70) looked at a subset of CRPC xenograft models 
treated with enzalutamide and noted that there appeared 
to be an “adaptive shift” away from full-length AR to 
the AR splice variant. This suggested that castration was 
important in contributing toward drug resistance in pros- 
tate cancer progression. Given these concerns, attempts to 
develop drugs that target these splice variants is of poten- 
tial interest. One example is EPI-001, which has caused 
decrease AR gene expression and inhibited tumor growth 
in LNCaP xenograft models (71). Another approach is 
derived from the observations that the first- and second- 
generation antiandrogens bind to the C-terminus of the 
LBD and that targeting the regulatory NTD may be needed 
for transcription in the presence or absence of ligand (72). 


Splice Variants 


Recent data presented by Antonarakis et al. (73) looked 
at the presence of AR splice variant, AR-V7, on circulat- 
ing tumor cells (CTCs) and its potential correlation with 
primary resistance to enzalutamide and to abiraterone 
(Zytiga), an inhibitor of 17a-hydroxylase/C17,20-lyase 
(CYP17A1), an enzyme that is expressed in testicular, 
adrenal, and prostatic tumor tissues. Using quantitative 
reverse transcriptase polymerase chain reaction on CTCs 
obtained prospectively from patients with castrate meta- 
static prostate cancer treated with either enzalutamide or 
abiraterone, the investigators interrogated the CTCs for 
the presence or absence of AR-V7. In two well-balanced 
cohorts of 31 patients treated with either enzalutamide 
or abiraterone, 39% and 19% had detectable AR-V7 on 
CTCs, respectively. Correlation of AR-V7 expression with 
PSA was also examined with the finding that among men 
who received enzalutamide, those who had AR-V7-positive 
CTCs, had inferior PSA response rates (0% vs. 52.6%, 
P = .004) as well as inferior outcomes in PFS (median 2.1 
vs. 6.1 months, P < .001) and PSA-PFS (median 1.4 vs. 5.9 
months, P < .001) compared with AR-V7-negative patients, 
respectively. Similar findings were seen for men who had 
been treated with abiraterone with PFS (median 2.3 vs. not 
reached) for those with AR-V7 positivity versus those who 
were AR-V7 negative, respectively. The authors concluded 
that even with adjusting for full-length AR expression 
levels, the negative prognostic impact of this splice vari- 
ant was maintained (73). Although patient number was 
small, there is significant potential for AR-V7 to be useful 
as a biomarker that may be predictive of response or con- 
versely predictive of resistance to AR-targeted drugs. The 
implications of these results remains far-reaching as it may 
provide further guidance into how to best develop other 
AR-targeted inhibitors by exploring the AR NTD. 
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There are several hypotheses as to how splice vari- 
ants emerge (74). This includes possible genomic rear- 
rangements, the other, through alternative splice events. 
Several cell lines and xenograft models with AR-Vs have 
been used to study mechanism of splice variants. This 
technology has facilitated the observation that intragenic 
re-arrangement of the AR gene may account for the pres- 
ence of AR-V7 or ARs (75, 76). The authors then used 
FISH and deep sequencing and discovered that individual 
prostate cancer cells can express either AR-full length 
(FL) or AR-Vs but not both. This has implications that 
suggest that it may be that full-length AR or AR-Vs exist 
in a unique subset of cancer cells and that during castra- 
tion and the inhibition of ligand-drive AR-FL, there is 
the emergence of these AR-V clones that will propel the 
tumor into rapid growth. Alternative splicing represents 
a second means for generating splice variants. In malig- 
nancies, differential splicing of pre-mRNA is a frequent 
mechanism used by the cell to generate protein vari- 
ants that have oncogenic activity (77-79). Plymate and 
coworkers (80) have demonstrated that transcriptional- 
associated alternative splicing generates AR-V7 in the 
human prostate cancer cell line, VCaP, but not in the 
LNCaP cell line. Interestingly, no intragenic rearrange- 
ment or inversion of the AR gene was noted in either of 
these cell lines (76). However, LNCaP harbors a PTEN 
mutation and a mutation in the LBD of the AR that 
increases the promiscuity of ligands that can activate the 
AR (81, 82), whereas LnCaP cells have a TMPRSS2-ERG 
fusion with increased copy number of AR-FL marked 
increase in the copy number of AR-FL (83, 84). 


Glucocorticoid Receptor and Acquired 
Resistance to AR-Directed Therapy 


Despite the success of AR-targeted agents, resistance, irre- 
spective of its mechanism remains a persistent program 
and attempts to find other means by which AR overdrive 
can be circumvented and resistance prevented are a prior- 
ity. Reports by Sawyers’ group (85, 86) and others (87, 88) 
have identified an AR point mutation as one resistance 
mechanism. This was determined by using drug-resistant 
sublines following prolonged exposure to enzalutamide 
or a second-generation compound ARN-509. This group 
has gone on to evaluate a more prevalent mechanism of 
tumor resistance namely by circumventing AR blockade 
via upregulation of the GR. Using a variety of tumor mod- 
els using LNCaP/AR xenograft tumors that have become 
resistant despite treatment with AR-directed drugs such 
as enzalutamide and second-generation AR antagonist, 
ARN-509, the most upregulated gene in the resistance 
tumors was the GR (NR3C1). Interestingly, the GR 
gene shares overlapping target specificity with AR (88). 
Among other genes that were upregulated was serum 
glucocorticoid induced kinase (SGK1) that is a known 
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AR- and GR-induced target gene. Those that were the most 
repressed and included androgen-induced genes PMEPA1, 
SNAI2, KCNN2, LONRF1, and SPOCK1, whereas 
several known androgen-repressed genes *UGT2b15, 
PMP22, CAMk2N1, and UGT2B17 were the most upreg- 
ulated. To determine whether GR expression was associ- 
ated with clinical antiandrogen resistance, GR expression 
was evaluated in bone metastases obtained from patients 
before and then at 8 weeks after starting enzalutamide. 
GR was quantitated by immunohistochemistry (IHC), and 
the percentage of GR-positive tumor cells was correlated 
with clinical response. Those who had benefit from ther- 
apy more than 6 months were defined as “good” respond- 
ers, whereas those treatment was discontinued in less than 
6 months were deemed “poor” responders. The “good” 
responders had greater than 50% PSA declines; however, 
in the “poor” responders, aside from a single patient who 
had greater than 50% PSA decline compared with others 
within that group, GR positivity was noted low. Three of 
twenty-two tumors had evidence of high GR expression 
at baseline, and all three had poor clinical response. At 
8 weeks, the mean percentage of GR-positive cells was 
higher than baseline levels in both response groups but 
was significantly increased in the poor responders (29% 
vs. 8%, P = .02). The percentage of GR-positive cells at 
8 weeks was also higher in poor compared to good respond- 
ers. GR induction appeared to be associated a more lim- 
ited PSA decrease. These clinical findings are of interest 
in that they more than suggest a correlation between GR 
expression and clinical responsiveness to enzalutamide. 
This also strongly suggests that AR inhibition may induce 
GR expression in some but not all patients. Poor PSA 
declines may also correlate with GR expression. Whether 
this was due to transcriptional regulation of a particular 
canonical AR target gene that was under regulation by the 
GR remains to be determined. 

The role of GR has been further interrogated using 
a unique tumor xenograft derived from enzalutamide- 
resistant tumors with high GR expression. This LNCaP/ 
AR resistant to enzalutamide xenograft (LREX) cell line 
(86) is representative of high GR expression and has been 
used to study the role of GR expression. Intracellular 
AR staining of these cells were not substantially differ- 
ent from those in control cell lines such as CS1 (derived 
from a vehicle tumor). In a series of experiments designed 
to explore AR and GR transcriptomes, expression profil- 
ing was performed using LREX cells and treating them 
with DHT or dexamethasone in the presence of absence 
of enzalutamide. The expression signatures of AR and 
GR were then defined as all genes with absolute expres- 
sion change greater than 1.6-fold after 1 nM DHT or 100 
nM Dex treatment. Fifty-two genes were common to both 
AR and GR signature genes; however, a heatmap analy- 
sis of these genes confirmed significant overlap in DHT- 
versus Dex-induced gene expression. Dex-induced gene 
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expression was not impacted on by enzalutamide. The 
authors felt that GR activity could bypass the AR inhibi- 
tion induced by enzalutamide through a distinct and likely 
significant overlapping transcriptome. The implications 
for these studies are far reaching as they may provide a 
mechanism of resistance that is associated with a transi- 
tion from AR- to GR-driven transcriptional activity and 
even the possibility that there may be substantial over- 
lap between AR- and GR-binding sites in these resistant 
cells. The authors caution that these transcriptional dif- 
ferences may not be based solely by DNA binding (85, 86). 
Therefore, in going forward with future drug development, 
it will need to be kept in mind that adaptive resistance via 
what Sawyers’ calls “AR-mediated negative feedback of 
GR expression” can occur in addition to typical clonal 
selection (85-89). The implications of the GR extend to 
current treatment strategies as well. Corticosteroids are 
a mainstay in prostate cancer treatment, used to control 
pain, nausea, and improve clinical well-being, and can 
impact on overall survival (90). More recently, it is given 
with abiraterone at a physiologic dose of 5 mg given twice 
daily by mouth to prevent side effects of fatigue, hypokale- 
mia, and hypertension. These data showing that GR has a 
role in drug resistance can be extrapolated to the potential 
that corticosteroids might promote tumor progression in 
men whose tumors express GR. The recent phase III trial 
by Scher et al. (5) demonstrated that while patients in the 
AFFIRM trial had a survival benefit with enzalutamide, 
those patients who had been maintained on longstanding 
prednisone/Decadron seemed to have worse survival. 


Role of AR in Metastatic Disease 


AR facilitates the metastatic process and/or maintenance of 
metastatic disease. There have now been significant changes 
in the AR cistrome as a function of disease progression, 
often attributed to altered expression of critical AR cofac- 
tors. Multiple investigative studies have revealed major 
roles for AR in promoting prometastatic events through 
several different mechanisms. These include (a) differen- 
tial chemokine receptor/ligand function; (b) altered func- 
tion of tumor-associated AR cofactors (e.g., FOXA1, cyclin 
Dib, and SWI/SNF); and (c) formation of prometastatic, 
AR-dependent gene fusions and downstream effectors 
(e.g., SOX9) (43). Chemokine receptors have been shown 
to be regulated by AR (44, 45). The chemokine receptors 
belong to the GPCR family of proteins with over 20 known 
members within this family. Each member has a conserved 
structure consisting of a seven-pass transmembrane mono- 
mer and a soluble cytoplasmic tail (43, 46, 47). 


Clinical Implications: Where Do We Go From 
Here? 


A majority of tumors express both ligand-dependent and 
constitutively active splice receptors (66). Androgens play 
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a pivotal role in prostate cancer growth and remain the 
central focus for target drug development. Other agents 
are under scrutiny and include novel androgen biosynthe- 
sis inhibitors such as orteronel (TAK-700) (91) as well as 
ARN-S09 (91), ODM-201 (92), and agents with a dual 
mechanism of action (galeterone) (93, 94). Although many 
of these drugs represent second- or third-generation agents 
from the original compounds, TAK-700 failed to meet its 
primary endpoint of OS but showed a benefit in radio- 
graphic PFS. Recent studies by Lallous et al. (95) tested 
compounds designed to bind alternative sites on the LBD 
surface and have shown promising levels of in vitro inhibi- 
tion of AR transcriptional activity. Targeting the AF2 and 
BF3 surfaces of the AR to develop a new class of inhibitors 
can be used alternatively or complementarily to current 
prostate cancer and CRPC therapies. Using an in silico 
drug discovery approach integrated with biological valida- 
tion, we identified several potent small molecule inhibitors 
selectively targeting the AR AF2 and the BF3 sites (95). 

Although no AR-V-specific drugs are available, there 
are other naturally derived compounds such as EPI-001 
or mahanine that can inhibit AR-FL and AR-Vs, which 
are under evaluation (71, 96, 97). Many investigators 
feel that drugs that can target AR-Vs should be initi- 
ated at the same time as androgen deprivation therapy as 
this provides a window of time when AR-Vs are likely to 
emerge as opposed to awaiting a change of therapy due 
to castration resistance. The latter may confer the pres- 
ence of mutation changes in the LBD of the AR of the 
evolution of a completely atypical and aggressive form 
of prostate cancer, that is, small cell or neuroendocrine, 
which will be unresponsive to convention AR-targeted 
agents. Despite various limitations, there is significant 
progress in our understanding of the mechanisms of 
resistance in prostate cancer with many future oppor- 
tunities for successful AR-targeting agents to impact on 
the disease. 
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E INTRODUCTION 


Despite all the advances in recent years, metastatic 
carcinoma of the prostate remains a terminal and morbid 
disease. About 10% to 20% of men with prostate 
cancer present with metastatic disease, and in many 
others, metastases develop despite initial treatment with 
surgery or radiotherapy (1). Androgen deprivation therapy 
remains the mainstay of front-line therapy for advanced 
prostate cancer. Nevertheless, this treatment is not 
curative and patients invariably develop progressive dis- 
ease. Castrate-resistant disease implies any disease pro- 
gression (prostate-specific antigen [PSA] only progression 
or progression of existing metastases or development of 
new metastasis) despite being on adequate androgen depri- 
vation therapy. The field of advanced prostate cancer has 
undergone a rapid overhaul in the last 5 years. A paradigm 
shift has occurred with multiple novel agents addressing 
distinct pathways and demonstrating powerful 
efficacy in a disease state that previously had a large 
unmet need. 

Currently, multiple agents have demonstrated 
efficacy and tolerability in metastatic castrate-resistant 
prostate cancer (mCRPC). The judicious use of the 
multiple available agents with finesse of sequencing and 
concomitant palliative care has made living with mCRPC 
a reasonable and tolerable experience. The expertise of 
multiple specialties can ensure an optimal outcome, not 
only in terms of improving life expectancy but also in help- 
ing to lead a full productive life. To deliver the variety of 
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treatments ranging from immunotherapy to bone-targeted 
radiation therapy, the involvement of multiple specialties 
in the care of patient with advanced prostate cancer has 
become imperative. In addition, the psychological reassur- 
ance to patients and families of having continued help and 
support available from multiple specialties can never be 
underestimated. 


E MECHANISMS OF CASTRATE 
RESISTANCE 


Several mechanisms of castration resistance have been 
proposed. These may be dependent or independent of con- 
tinued activation of the androgen receptor through several 
pathways. 

Adrenal androgen production has long been 
recognized as a potential source of androgen produc- 
tion despite surgical or chemical castration. Adrenal 
androgen synthesis inhibitors such as ketoconazole 
provided a proof of principle about the significance of 
adrenal androgens in castrate-resistant prostate can- 
cer (CRPC)(2). Several studies showed that despite 
castrate levels of serum testosterone, testosterone 
levels remain sufficiently elevated in the prostate cancer 
microenvironment, suggesting an autocrine pathway 
of androgen production and receptor activation (3, 4). 
Androgen receptor hypersensitivity and/or overexpres- 
sion have been described in prostatic tumor cells (5, 6). 
All these will lead to a ligand-dependent activation of 
the androgen receptor independent of the serum testos- 
terone level. 

Several other ligand-independent mechanisms were 
described including mutations in androgen receptor, over- 
expression of coactivators, activation by growth factors or 
cytokine signaling, cross-talk with other transcription fac- 
tors, and epigenetic posttranslational modifications (7, 8). 
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In addition, activation of the PI3K/Akt/mammalian tar- 
get of rapamycin pathway has been strongly implicated in 
prostate cancer progression and is believed to be an inde- 
pendent driver of prostatic cancer cell growth, metastasis, 
and castrate resistance development (9). 

Typically agents affecting the hormone therapy path- 
way are unlikely to be effective in this setting, and che- 
motherapy has a higher likelihood of being active. The 
clinical management of patients with CRPC remains chal- 
lenging, as several of these mechanisms may be involved 
simultaneously in any given patient. 


m TREATMENT OPTIONS 


Since the Food and Drug Administration (FDA) approval 
of mitoxantrone for the treatment of CRPC in 1996, 
many new advances have been made in our understand- 
ing of the disease and in therapeutic options. Treatment 
strategies can be broadly categorized as chemotherapy, 
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hormonal therapy, immunotherapy, and bone-targeted 
therapy (Figure 19.2.1). Table 19.2.1 summarizes the FDA- 
approved agents that have demonstrated survival advan- 
tage in mCRPC. Figure 19.2.2 illustrates selected agents 
inhibiting the biosynthesis of androgens. 


Chemotherapy 


Mitoxantrone was the first chemotherapeutic agent to 
show significant improvement in pain and quality of life 
for patients with symptomatic CRPC (10). There was 
a palliative benefit noted, but no overall survival (OS) 
advantage with the use of mitoxantrone (10,11), and for 
years, cytotoxic chemotherapy was considered to be rela- 
tively ineffective in men with CRPC. The appearance of 
docetaxel-based chemotherapy changed that thinking. 

In the landmark, TAX-327 trial, docetaxel plus pred- 
nisone was compared to mitoxantrone plus prednisone in 
men with mCRPC. The median survival was 18.9 months 


Castrate-resistant prostate cancer 


*= unless in clinical trial 


NICHOLAS G. ZAORSKY, M.D. 


Treatment options for metastatic castrate-resistant prostate cancer (CRPC). 


Abbreviations: AA = anti-androgen (e.g. flutamide, bicalutamide, nilutamide); ADT = androgen deprivation therapy (i.e. GnRH analog or orchiec- 
tomy); ASI = androgen synthesis inhibitor (1 generation ASIs include ketoconazole, glucocorticoids); GnRH = gonadotropin-releasing hormone; 
KPS = Karnofsky performance status; SRE = skeletal-related event. 


Note: Recommendations adapted from Cookson MS, et al. Castration-Resistant Prostate Cancer: AUA Guideline. Presented at the American 
Urological Association Annual Meeting; May 4-8, 2013; San Diego, California. 
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Selected agents inhibiting the biosynthesis of androgens. Enzymes (brown boxes) are key in the synthesis (indicated by black 


arrows) on androgens, including testosterone (T) and dihydrotestosterone (DHT). Novel agents (rounded blue rectangles) inhibit (red arrows) par- 


ticular enzymes in the pathways or block the stimulatory effects (green arrows) of hormones. 


as of 2013. 


* = FDA approved for the treatment of prostate cancer 


Source: Figure adapted from Zaorsky, et al. Multimodality therapy for patients with high-risk prostate cancer: current status and future directions. 


Semin Oncol. 2013;40(3):308-321. 


in docetaxel group versus 16.5 months in the mitoxan- 
trone group (hazard ratio [HR] for death 0.76, 95% con- 
fidence interval [CI] 0.62-0.94; P = .009). There was a 
significant reduction of PSA levels, improvement in pain, 
and quality-of-life improvement in the docetaxel group 
compared to mitoxantrone(12). The survival advantage 
persisted with extended follow-up(13). In the Tax-327 
trial, docetaxel was given either as 75 mg/m? every 
21 days or 30 mg/m? weekly, for 5 of 6 weeks. The OS was 
significantly improved in the docetaxel regimen admin- 
istered every 21 days compared to the mitoxantrone and 
prednisone regimen. However, OS in the weekly docetaxel 
arm was not superior to the treatment with mitoxantrone. 
Incidence of severe (grade 3 or 4) neutropenia was sub- 
stantially higher in the group receiving docetaxel every 
3 weeks (9.6%) compared to weekly docetaxel or mito- 
xantrone (0.6% and 6.6%, respectively). A recently pub- 
lished phase III trial of 361 patients compared the standard 


every 3 weeks docetaxel to biweekly docetaxel at a dose of 
50 mg/m?. Median time to treatment failure was signifi- 
cantly longer in the 2-weekly group than in the 3-weekly 
group (5.6 months, 95% CI 5.0-6.2 vs. 4.9 months, 95% 
CI 4.5-5.4; HR 1.3, 95% CI 1.1-1.6, P = .014) (14). OS was 
a secondary end point and was also statistically increased 
in the patients receiving 2-weekly docetaxel (median sur- 
vival 19.5 months vs. 17.0 months; HR 1.4, 95% CI 1.1-1.8; 
P = .021). The incidence of grade 3 or 4 neutropenia and 
febrile neutropenia was significantly higher in the 3-weekly 
group (53%) than in the 2-weekly group (36%) (14). About 
10% and 5% of the patients on the biweekly and triweekly 
arms required dose delays, respectively. The results of this 
trial permit the consideration of a 50 mg/m? dose of docetaxel 
every 2 weeks as an alternative regimen in mCRPC with 
improved tolerability without compromising outcomes. 

The efficacy of docetaxel in mCRPC has led to sev- 
eral trials trying to combine docetaxel with other agents 
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Trial, References 


Tax 327, Tannock 
et al. (12) 


TROPIC, de Bono et 
al. (24) 


COU-AA-301, de Bono CRPC post-docetaxel 


et al. (100) 


COU-AA-302, Ryan et CRPC pre-docetaxel. 


al. (38) 


FDA-approved agents with survival advantage in mCRPC 


Study Population Study Arm Pred Use Size (R) 
Chemotherapy 
CRPC with no prior 5 mg bid 1,006 
chemotherapy (1:1:1) 
Docetaxel 75 mg/m? 
Q3 wk 
Docetaxel 30 mg/m? 
Q wk 
Mitoxantrone 12 mg/ 
m? Q3 wk 
CRPC post-docetaxel 10 mg daily 755 (1:1) 
Cabazitaxel 
25 mg/m? Q3 wk 
Mitoxantrone 12 mg/ 
m? Q3 wk 
Hormonal Therapy 
5 mg bid 1,195 
(2:1) 
Abiraterone 1,000 mg 
daily 
Placebo 
5 mg bid 1,088 
No or mild symptoms (2:1) 
Abiraterone 1,000 mg 
daily 
Placebo 


OS 


18.9 


17.4 


16.5 


15.1 


12.7 


14.8 


10.9 


NRea 


27.2 


PFS PSA RR (%) 


NR 


NR 


NR 


2.8 


1.4 


5.6 


3.6 


11.1 


5.6 


45 


48 


32 


39 


18 


29 


62 


24 


Adverse Events of Interest (%) 


Neutropenia’ Fatigue Neuropathy 
9.6 16 9 
0.6 14.8 7.3 
6.6 10.4 2.1 
Neutropenia? Fatigue Diarrhea 
82 37 47 
58 27 11 
Fluid LFT elevation Hypokalemia 
retention 
31 10 17 
22 8 8 
Fluid LFT elevation Hypokalemia 
retention 
28 12 17 
24 5 13 


(continued) 
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Trial, References Study Population Study Arm Pred Use Size (R) 
AFFIRM, Scher et al. CRPC post-docetaxel Not a must 1,199 
(41) (2:1) 
Enzalutamide 160 mg 
daily 
Placebo 
Immunotherapy 
Small et al. (68) Asymptomatic, no Forbidden 127 
visceral metastasis, (2:1) 
most were chemo naive. 
Sipuleucel-T 3 infusion 
Q3 wk 
Placebo 
Kantoff No or mild symptoms, Forbidden 512 
et al. (70) mostly Gleason < 7, (2:1) 


most chemo-naive 


Sipuleucel-T 3 infusion 


Q3 wk 


Placebo 


Bone-targeted therapy 


ALSYMPCA, Parker 
et al. (85) 


Symptomatic NR 
mCRPC with no 

visceral metastasis, 

post-decetaxel 


Rad-223 IV Q4 wk for 
6 cycles 


Placebo 


FDA-approved agents with survival advantage in mCRPC (continued) 


921 
(2:1) 


OS 


18.4 


13.6 


25.9 


21.4 


25.8 


21:7 


PFS PSA RR (%) 


8.3 54 


2.7 


233 


3.7 


3.6 


14 


11.2 


NR 


NR 


2.6 


1.3 


NR 


NR 


Adverse Events of Interest (%) 


Seizure 


<1 


Rigors 


9 
Chills 


54 


13 


NR 


NR 


Fatigue 


34 


29 


Pyrexia 


29 


2 


Pyrexia 


29 


14 


Neutropenia? 


1.8 


0.8 


Hot Flash 


20 


10 


Tremor 


10 


0 


Headache 


16 


Thrombo- 
cytopenia? 


2 


Abbreviations: NR, not reported; NRea, not reached; OS, median overall survival (mo); PFS, median progression-free survival (mo); Pred, prednisone; PSA RR, prostate-specific antigen response 


rate; (R), randomization. 


aGrade 3 or more, 
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in an attempt to improve on the efficacy profile. These 
combination therapies failed to enhance the efficacy of 
the docetaxel and prednisone regimen administered every 
21 days at a dose of 75 mg/m’. Estramustine phosphate is 
a nitrogen mustard derivative of estradiol-17B-phosphate 
that showed activity as monotherapy for CRPC (15). 
The Southwest Oncology Group trial randomized patients 
to receive either estramustine and docetaxel combination 
or mitoxantrone and prednisone. The study revealed a 
benefit in OS favoring the docetaxel-based regimen (16). 
The OS was comparable to that seen with docetaxel and 
prednisone, but the toxicity concerns with increased 
risk of thromboembolic events led to abandonment of 
estramustine use by clinicians(15). Vascular endothelial 
growth factor (VEGF)-targeted therapies, such as either 
bevacizumab (17) or aflibercept (18), when combined with 
docetaxel, were associated with greater toxicity and no 
improvement in survival. Multiple other combinations were 
tested with either no clinical benefit or even an inferior out- 
come. These include combinations with GVAX (prostate 
cancer vaccine) (19), DN-101 (high-dose calcitriol) (20), 
and atrasentan (endothelin receptor antagonist) (21). 

The FDA approval of docetaxel and prednisone 
in mCRPC in 2005, and the widespread use, led to an 
increasing population of advanced prostate cancer patients 
who did not have any therapeutic options when their 
disease progressed after docetaxel therapy. A number 
of agents were evaluated in this setting and have now 
demonstrated robust efficacy to gain FDA approval in 
this setting. The control arm in these studies consisted of 
either placebo or mitoxantrone and prednisone. 

Satraplatin, an oral platinum, was evaluated in the 
second-line setting with results of improved response 
rates, progression-free survival, and favorable toxicity 
profile, but unfortunately lack of a survival benefit in a 
double-blind, placebo-controlled phase III trial (22). 

Cabazitaxel is a novel tubulin-binding taxane that 
showed preclinical and clinical activity in docetaxel- 
resistant prostate cancer(23). An open-label phase III 
trial randomized patients with mCRPC who progressed 
during or after treatment with a docetaxel-containing reg- 
imen, to cabazitaxel (25 mg/m? intravenously [IV] every 
21 days) plus prednisone (5 mg twice daily orally) or mito- 
xantrone plus prednisone. HR for death of men treated 
with cabazitaxel compared to those taking mitoxantrone 
was 0.70 (95% CI 0.59-0.83, P < .0001). The most com- 
mon clinically significant grade 3 or higher adverse events 
were neutropenia (cabazitaxel 82% vs. mitoxantrone 
58%) and diarrhea (6% vs. < 1%). The median survival 
was 15.1 months in the cabazitaxel group and 12.7 months 
in the mitoxantrone group (24). With the high incidence 
of febrile neutropenia and seven deaths related to sepsis 
(2%), primary prophylaxis with granulocyte colony-stim- 
ulating factor use was introduced and was mandatory on 
the cabazitaxel arm of the study. Despite the OS benefit 
noted with cabazitaxel, a careful discussion of toxicities is 
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needed when cabazitaxel is offered as a treatment option 
for a patient. 

Several other chemotherapies have been used in the 
treatment of CRPC but do not currently have an estab- 
lished role in either the first- or the second-line setting. 
Other agents with limited activity include paclitaxel, 
capecitabine, 5-fluorouracil, gemcitabine, topotecan, 
cyclophosphamide, and ixabepilone (25-30). 

Concurrent palliative and supportive therapy is critical 
in optimizing chemotherapy in patients with metastatic 
prostate cancer. Antiemetics and premedications to avert 
hypersensitivity reactions are some key components of care 
during administration of either docetaxel or cabazitaxel. 
Close monitoring for cytopenias and dose modifications 
as necessary for neuropathy related to docetaxel and for 
diarrhea and cytopenias related to cabazitaxel should be 
an integral part of the chemotherapy care. Primary growth 
factor prophylaxis is strongly recommended for cabazi- 
taxel chemotherapy, and secondary prophylaxis should be 
considered for either chemotherapy agent if febrile neutro- 
penia occurs. Patient and family awareness and education 
of toxicity of chemotherapy enables prompt attention and 
better outcomes with chemotherapy. 


Hormone Therapy 


Hormone refractory prostate cancer is the old terminol- 
ogy used to describe CRPC. The change in terminology 
reflects our deeper understanding of resistance mecha- 
nisms and the emerging data that CRPC cells evolve 
after traditional androgen deprivation and continue to 
be responsive to hormonal manipulations. Testicular 
androgen deprivation (by orchiectomy or gonadotrophin- 
releasing hormone agonists or antagonists) therapies 
have shown powerful activity in advanced metastatic 
prostate cancer, but this sensitivity seemed to maintain 
for a finite period of time (median 18-24 months) (31). 
Continuation of androgen deprivation is recommended 
even beyond development of castrate-resistant disease. 
A multivariate analysis found observational evidence that 
continued testicular androgen deprivation was associated 
with a modest survival benefit of 2 to 6 months (32). 


New Hormonal Therapies 


Abiraterone acetate is a potent, selective, and irreversible 
inhibitor of cytochrome P450(17) alpha (CYP17) (33, 34). 
CYP17 is a critical enzyme in testosterone synthesis and 
inhibiting CYP17 will lead to blocking of androgen synthe- 
sis by the adrenal glands and testes and within the prostate 
tumor. Ina phase III trial published in 2011, 1,195 patients 
with CRPC who had received prior docetaxel therapy were 
randomly assigned in a 2:1 ratio to receive 5 mg of pred- 
nisone twice daily with either 1,000 mg of abiraterone 
acetate or placebo. Study drug was given once daily at least 
1 hour before or 2 hours after a meal. Concomitant use 
of steroids was mandated to ameliorate the symptoms 
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resulting from mineralocorticoid excess. The study was 
terminated at the interim analysis as OS, and other second- 
ary endpoints exceeded the preplanned criteria for study 
termination (35). The final analysis of this trial showed 
that the median OS for the abiraterone acetate group was 
15.8 months compared to 11.2 months in the placebo 
group (HR 0.74, 95% CI 0.64-0.86; P < .0001). Median 
time to PSA progression was 8.5 months in the abiraterone 
acetate group versus 6.6 months in the placebo group 
(HR 0.63; P < .0001), and median radiologic progression- 
free survival was 5.6 months versus 3.6 months (HR 0.66; 
P < .0001). A total of 29.5% of patients in the abiraterone 
acetate group had a PSA response versus 5.5% in the 
placebo group (P < .0001). Abiraterone acetate was well 
tolerated. Mineralocorticoid excess-related adverse events 
(hypokalemia, hypertension, and fluid retention) were 
reported in a higher proportion in the abiraterone acetate 
group than in the placebo group but were easily managed 
medically with appropriate patient monitoring. Deaths 
due to adverse events occurred in similar proportions of 
patients in the two groups (13% in the abiraterone acetate 
group vs. 16% in the placebo group), as did deaths due to 
cardiac adverse events (1% both groups) (36). Subsequent 
analysis showed that in patients with clinically signifi- 
cant pain at baseline, abiraterone acetate plus prednisone 
resulted in significantly more palliation (45% of patients 
vs. 28.8%; P = .0005) and faster palliation of pain inten- 
sity than did prednisone only. In the overall population, 
median time to occurrence of first skeletal-related event 
was significantly longer in the abiraterone acetate arm 
compared to placebo arm (25.0 months vs. 20.3 months; 
P = .0001) (37). 

More recently abiraterone acetate was tested in 
pre-docetaxel metastatic CRPC. In 1,088 patients with 
asymptomatic or minimally symptomatic metastatic 
CRPC, we randomly assigned to receive abiraterone acetate 
plus prednisone or placebo plus prednisone. The primary 
endpoints were radiographic progression-free survival and 
OS. The study was again terminated at the interim analy- 
sis. The median radiographic progression-free survival 
was 16.5 months with abiraterone acetate-prednisone and 
8.3 months with prednisone alone (HR 0.53; P < .001). 
There was a trend for increased OS but did not cross 
efficacy boundaries (median not reached for abiraterone 
acetate—prednisone, vs. 27.2 months for prednisone alone; 
HR 0.75; 95% CI 0.61-0.93; P = .01). Abiraterone acetate— 
prednisone was superior to prednisone alone with respect 
to time to initiation of cytotoxic chemotherapy, opiate 
use for cancer-related pain, PSA progression, and decline 
in performance status. Grade 3 or 4 mineralocorticoid- 
related adverse events and abnormalities on liver function 
testing were more common with abiraterone acetate plus 
prednisone but easily manageable (38). 

Enzalutamide is an oral androgen receptor signaling 
inhibitor that binds to androgen receptors and reduces 
the efficiency of the receptor nuclear translocation, and 
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impairs both DNA binding to androgen response ele- 
ments and recruitment of coactivators. It was chosen 
for clinical development on the basis of activity in pros- 
tate-cancer models with overexpression of the androgen 
receptor (39,40). 

The AFFIRM trial randomized 1,199 men with 
CRPC who received prior docetaxel therapy in a 2:1 ratio 
to receive oral enzalutamide at a dose of 160 mg per day 
or placebo. The primary end point was OS. The use of 
prednisone or other glucocorticoids was permitted but not 
required, and the study drug was given without regard to 
food intake. The study was stopped after a planned interim 
analysis. The median OS was 18.4 months in the enzalu- 
tamide group versus 13.6 months in the placebo group 
(HR for death in the enzalutamide group 0.63; 95% CI 
0.53-0.75; P < .001). Enzalutamide was also significantly 
superior to placebo in all secondary endpoints including 
the soft-tissue response rate (29% vs. 4%, P < .001), the 
quality-of-life response rate (43% vs. 18%, P < .001), the 
time to PSA progression (8.3 vs. 3.0 months; HR 0.25; 
P < .001), radiographic progression-free survival (8.3 vs. 
2.9 months; HR 0.40; P < .001), the proportion of patients 
with a reduction in PSA by 50% or more (54% vs. 2%, P < 
.001), and the time to the first skeletal-related event (16.7 
vs. 13.3 months; HR 0.69; P < .001). Treatment was well 
tolerated. Eight percent of the patients in the enzalutamide 
arm discontinued treatment due to adverse events com- 
pared to 10% in the placebo group. The following frequent 
adverse events were more common with enzalutamide: 
fatigue, diarrhea, hot flash, headache, and musculoskel- 
etal pain. Five patients (0.6%) treated with enzalutamide 
developed a seizure compared to none in the placebo arm. 
No significant difference was noted in cardiac disorders 
or abnormalities in liver function test (41). PREVAIL was 
a phase III study that compared enzalutamide to placebo 
in men with metastatic CRPC that were chemotherapy 
naive. 1,717 patients were randomized. The coprimary 
endpoints were radiographic progression-free survival 
and OS. The study was stopped after an interim analysis 
showed clear benefit of enzalutamide. 29% reduction in 
the risk of death was associated with enzalutamide use 
over placebo (HR 0.71; 95% CI, 0.60 to 0.84; P < .001). 
The rate of radiographic progression-free survival at 12 
months was 65% among patients treated with enzalu- 
tamide, as compared with 14% among patients receiving 
placebo (HR 0.19; 95% CI, 0.15 to 0.23; P < .001). The 
benefit of enzalutamide was demonstrated with respect 
to all secondary endpoints, including the time until the 
initiation of cytotoxic chemotherapy (HR 0.35), the time 
until the first skeletal-related event (HR 0.72), a complete 
or partial soft-tissue response (59% vs. 5%), the time until 
PSA progression (HR 0.17), and a rate of decline of at 
least 50% in PSA (78% vs. 3%). Fatigue and hyperten- 
sion were the most common relevant adverse events (42). 
Enzalutamide was recently FDA approved for chemother- 
apy naive metastatic CRPC patients. 
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Secondary Hormonal Manipulations 


Several other hormonal therapies exist to manipulate 
androgen synthesis and/or binding to androgen recep- 
tor. These agents should be primarily considered in the 
slowly progressing asymptomatic or minimally symptom- 
atic patient population. Nevertheless, they may be useful 
in postponing other interventions with greater toxicity. 
Those can induce biochemical or clinical responses, but 
no OS benefit has been demonstrated. 

Antiandrogens (bicalutamide, flutamide, nilutamide) 
block the binding of dihydrotestosterone to androgen 
receptor. Those can be used in combination with medical 
or surgical orchiectomy as part of a combined androgen 
blockade for the initial treatment of men with advanced 
prostate cancer but they also showed activity in patients 
with CRPC. These agents differ by the dosing frequency 
and the side-effect profile; common side effects include 
diarrhea, gynecomastia, loss of libido, and hot flashes. 
Hepatotoxicity is uncommon, but liver enzymes need to 
be monitored while on treatment. PSA response rate (more 
than 50% reduction in baseline PSA level) is reported in 
about 25% of patients (43-47). No study directly com- 
pared these agents in the castrate setting, but progres- 
sion on one antiandrogen does not confer resistance to 
other antiandrogens and responses were reported in that 
setting (48-50). 

Antiandrogen withdrawal refers to discontinuation 
of antiandrogen upon disease progression for patients 
on combined androgen blockade or antiandrogen mono- 
therapy. Clinical and biochemical responses can be seen 
in patients on combined androgen blockade as initial 
therapy or as a later line of therapy for castrate disease. 
Antiandrogen withdrawal can result in a PSA response 
rate of 10% to 20%. This is often short lived with median 
response duration of about 3 months (51-53). The mech- 
anism of this phenomenon is not well understood, but 
androgen receptor mutations or gene amplification might 
lead in an altered response resulting in the antiandrogen 
behaving as an activator, not inhibitor (54-57). 

Ketoconazole is an azole antifungal agent that inhibits 
adrenal androgen synthesis; this inhibitory effect was 
discovered after gynecomastia developed in some patients 
taking it as an antifungal agent(58). Ketoconazole inhibits 
many enzymes in the steroid synthesis pathway including 
CYP17 (34,59). Ketoconazole has poor bioavailability in 
high gastric pH and thus should be taken on an empty stom- 
ach and the use of antacids should be avoided (60). 

PSA response rates in phase II ketoconazole trials 
ranged from 40% to 62%, with median duration of 
response lasting between 3.3 and 7 months (61). A large, 
phase III trial randomized 260 patients with CRPC 
to either antiandrogen withdrawal only or antiandro- 
gen withdrawal plus ketoconazole at 400 mg TID. PSA 
response was 11% in the antiandrogen withdrawal 
arm compared to 27% in the combined modality arm 
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(P = .0002). Twenty-one percent of patients receiving keto- 
conazole had grade 3 and 4 toxicities. [The most common 
grade 3 or more toxicities were neurologic 4%, malaise or 
fatigue 3%, and hepatic toxicity 2% (51).] Rates of discon- 
tinuing high-dose ketoconazole due to toxicity range from 
7% to 20%. Common side effects include nausea and 
vomiting, skin rash, fatigue, and neurotoxicity. Adrenal 
insufficiency can also happen. Thus, ketoconazole is usu- 
ally administered with concurrent corticosteroids (61). 

Data about the effectiveness of steroids in CRPC 
are largely derived from clinical trials at which steroids 
served as the control arm. Steroids were used in differ- 
ent doses and formulations (prednisone 7.5-20 mg daily, 
dexamethasone 0.5-2.25 mg daily, hydrocortisone 
40-45 mg daily) with notable objective responses and 
PSA decline (62). Steroids can inhibit adrenocorticotropic 
hormone (ACTH) production resulting in a decrease in 
adrenal steroid synthesis including the adrenal androgens. 
Other possible mechanisms of action include alterations 
in transcriptional regulation of specific genes responsible 
for tumor growth and signaling via interaction with the 
glucocorticoids receptor (63, 64). 

Diethylstilbestrol (DES) is a synthetic ethinyl estro- 
gen. It is one of the oldest therapies used to treat advanced 
prostate cancer but its use was limited by the increased 
cardiovascular toxicity(65). It suppresses luteinizing 
hormone secretion by providing a negative feedback on the 
hypothalamic-pituitary axis. It can also suppress Leydig 
cells and inhibit the secretion of androgenic steroids. It 
can also compete with androgens for the androgen recep- 
tor (66). DES at 1 mg daily can show a PSA decline in 38% 
to 79% of patients treated with CRPC with about 7- to 
9-month mean time to progression (66). 


Immunotherapy 


Sipuleucel-T is an immunotherapy product designed to 
stimulate T-cell immunity to prostatic acid phosphatase 
(PAP), an antigen expressed in the majority of prostate can- 
cers but not in nonprostate tissue. Specifically, sipuleucel-T 
is composed of autologous antigen-presenting cells (den- 
dritic cells) cultured with a fusion protein termed PA2024. 
PA2024 consists of PAP linked to granulocyte-macrophage 
colony-stimulating factor(67). Peripheral blood mono- 
nuclear cells are obtained by leukapheresis and are then 
exposed ex vivo to PA2024. These activated cells are then 
infused back into the patient approximately 3 days after the 
original harvesting. Dendritic cell infusions are repeated 
for a total of three treatments at 2-week intervals (68). 

In a placebo-controlled phase III trial, 127 asymp- 
tomatic patients with metastatic CRPC were randomly 
assigned in a 2:1 ratio to sipuleucel-T or placebo. Median 
survival was 25.9 months for sipuleucel-T and 21.4 months 
for placebo (P = .01, log-rank; HR 1.70; 95% CI 1.13- 
2.56). Treatment remained a strong independent predictor 
of OS after adjusting for prognostic factors. The median 
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for time to disease progression for sipuleucel-T was 11.7 
weeks compared with 10.0 weeks for placebo (P = .052). 
Sipuleucel-T therapy was well tolerated (68). Another phase 
III trial showed a trend toward increased survival with 
sipuleucel-T, although it was not statistically significant (69). 

A larger phase III trial with OS as the primary end 
point assigned 512 patients in a 2:1 ratio to receive either 
sipuleucel-T or placebo(70). Most of the patients (75%) 
had a Gleason score < 7 and they were either asymptomatic 
or minimally symptomatic. More than 80% had an 
Eastern Cooperative Oncology Group (ECOG) perfor- 
mance status of zero. Median survival was 25.8 months in 
the sipuleucel-T group versus 21.7 months in the placebo 
group. This 4.1 months difference translates into a relative 
reduction of 22% in the risk of death in the sipuleucel-T 
group compared with the placebo group (HR 0.78; 95% 
CI 0.61-0.98; P = .03). The median time to objective dis- 
ease progression was 3.7 months in the sipuleucel-T group 
and 3.6 months in the placebo group (HR 0.95; 95% CI 
0.77-1.17; P = .63). One patient in the sipuleucel-T group 
had a partial objective response. Among patients with PSA 
assessments after baseline, reductions of at least 50% on 
two visits at least 4 weeks apart were observed in 2.6% 
in the sipuleucel-T group, compared with 1.3% in the 
placebo group. Adverse events that were more frequently 
reported in the sipuleucel-T group than in the placebo 
group included chills, fever, and headache (70). 


Management of Bone Metastases 


Skeletal osteoblastic lesions are the most common site of 
metastasis in prostate cancer. They can cause pain, patho- 
logic fractures, spinal cord compression, and hypercalce- 
mia and are associated with shorter OS and a decreased 
quality of life(71,72). Treatment can include osteoclast 
inhibition with bisphosphonates or denosumab, or bone- 
targeted radiopharmaceuticals. 


Bisphosphonates 


Zoledronic acid is the only bisphosphonate approved 
by the FDA for treatment of progressive bone metasta- 
sis in patients with CRPC. When given at 4 mg IV every 
3 weeks versus placebo for 15 months, 11% fewer patients 
had any skeletal-related events when compared to placebo 
(CI = -20.3% to -1.8%; P = .021). Skeletal-related events 
were defined as any of the following: pathologic bone 
fractures, spinal cord compression, surgery to bone, radia- 
tion therapy to bone, or a change of antineoplastic therapy 
to treat bone pain. Median time to first skeletal-related 
event was 321 days for patients who received placebo and 
was not reached for patients who received zoledronic acid 
(P = .011). Increasing pain was reported more in the 
placebo group, but there were no differences in disease 
progression, performance status, or quality-of-life scores 
among both groups(73). This benefit seems to persist 
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when treatment is continued beyond 15 months and even 
after the occurrence of a skeletal event (74). 

When studied in hormone-sensitive prostate cancer, 
zoledronic acid prevented bone loss (75) but did not result 
in any significant difference in the time to first skeletal- 
related event or OS when compared to placebo (76). 


Denosumab 


Denosumab is a human monoclonal antibody against 
RANK ligand. RANK ligand is the main driver of osteo- 
clast formation, function, and survival(77). A phase II 
study randomized 1,904 patients with CRPC and bone 
metastasis to receive denosumab at 120 mg subcutane- 
ous or zoledronic acid 4 mg IV both given every 4 weeks. 
Patients in the denosumab arm had fewer skeletal-related 
events compared to zoledronic acid arm (HR 0.82, 95% 
CI 0.71-0.95; P = .0002 for noninferiority; P = .008 for 
superiority). Median time to first on-study skeletal-related 
event was 20.7 months with denosumab compared with 
17.1 months with zoledronic acid. There was no statisti- 
cally significant difference in either OS or time to disease 
progression. Hypocalcemia was significantly more fre- 
quent with denosumab compared with zoledronic acid 
(13% vs. 6%, P < .0001). More patients in the denosumab 
arm had osteonecrosis of the jaw, but this was not statisti- 
cally significant (2.3% vs. 1.3%, P = .09) (78). 

When given to men with nonmetastatic CRPC, deno- 
sumab significantly increased bone metastasis-free sur- 
vival by a median of 4.2 months compared with placebo 
(HR 0.85, P = .028). OS did not differ between groups. 
This modest benefit came at the expense of having more 
hypocalcemia and osteonecrosis of the jaw in the deno- 
sumab arm compared to placebo (2% vs. < 1% and 5% vs. 
none, respectively). Denosumab is not FDA approved for 
this indication (79). 


Bone-Targeted Radiopharmaceuticals 


Bone-seeking radionuclides target the bones adjacent to 
tumor metastatic lesions due to selective increased meta- 
bolic activity and emit high-dose radiation to selectively 
kill tumor cells(80). Beta-emitting radioisotopes (such 
as samarium-153 and strontium-89) have been used for 
decades for palliation of pain associated with bone metas- 
tasis but did not show any survival advantage and their 
use was limited by myelosuppression (81, 82). 
Radium-223 is an alpha particle-emitting radiophar- 
maceutical. Compared to beta particles, alpha particles 
provide a much more densely ionizing type of radiation and 
have a shorter range that limits toxicity (83). ALSYMPCA 
is a phase III trial that compared Radium-223 dichloride 
given as six doses administered IV every 4 weeks versus pla- 
cebo in men with CRPC and symptomatic bone metastasis. 
Men with visceral metastasis were excluded. No intention 
to use cytotoxic chemotherapy in the 6 months following 
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enrollment was required as well as a positive bone scan 
showing two or more hot spots. All patients had and received 
previous docetaxel chemotherapy, refused docetaxel, or 
were ineligible for docetaxel(84). The trial enrolled 921 
patients and was stopped after the interim analysis showed 
significant improvement in OS and other secondary 
end point. Updated analysis demonstrated a 3.6-month 
survival advantage (14.9 vs. 11.3 months, respectively). 
In addition, the frequency of skeletal-related events was 
reduced in the Radium-223 group, and the median time 
to a skeletal-related event increased (15.6 vs. 9.8 months). 
Radium-223 was well tolerated with low rates of grade 3/4 
neutropenia (1.8% vs. 0.8%) and thrombocytopenia (4% vs. 
2%) (85). Radium-223 received FDA approval for treatment 
of men with CRPC and bone metastasis with no visceral 
metastasis in May 2013. 


E NOVEL AGENTS WITH PROMISING 
EFFICACY IN CRPC 


TAK-700 (Orteronel) is a reversible CYP17 inhibitor with 
preferential inhibition of 17,20-lyase over 17a-hydroxylase 
activity. This may reduce the need for corticosteroid sup- 
plementation, as secondary mineralocorticoid excess 
induced by CYP17 inhibition may be more dependent on 
17a0-hydroxylase (86,87). In a phase I/II trial for men with 
metastatic CRPC with no prior chemotherapy, four different 
doses were tested in the phase II part (300 mg BID, 400 mg 
BID + prednisone 5 mg BID, 600 mg BID + prednisone, or 
600 mg QD). PSA response rate (63%, 52%, 41%, and 62%, 
respectively) and side-effect profile was similar to that seen 
with abiraterone acetate. Prednisone seems not to have any 
effect on efficacy (88). Orteronel combination with docetaxel 
and prednisone appeared tolerable and showed a strong PSA 
and partial tumor response in another phase II trial(89). 
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A phase III trial in post-docetaxel setting was terminated 
early for failing to meet its primary endpoint of OS (90). 
Another phase III trial in chemo-naive patients showed signif- 
icant improvement in radiographic progression free survival 
associated with orteronel use compared to placebo (median 
13.8 vs 8.7 months; P < .00001). The co-primary endpoint of 
OS was not met (31.4 vs 29.5 months; P = .314) (91). 

ARN-509 is a competitive androgen receptor inhibitor 
that is believed to be more potent than enzalutamide (92). 
A phase II study showed that ARN-509 has a very high 
PSA response rate in treatment of naive mCRPC (88%) 
and retained some activity in abiraterone acetate—treated 
mCRPC with a PSA response rate of 29%. No seizures 
were reported (93). 

PROSTVAC-VF is a PSA-targeted vaccine that was 
evaluated in a randomized blinded phase II study in 
125 men with mCRPC. Men with visceral metastasis, 
cancer-related pain requiring narcotics, prior chemotherapy, 
or PSA > 7 were excluded. The primary end point was PFS 
and was similar in PROSTVAC-VF arm and placebo arm. 
However, PROSTVAC-VF patients had improved OS over 
placebo (25.1 vs. 16.6 months, HR 0.56, P = .0061) (94). 
A phase III trial is ongoing (95). Some novel agents with 
promising efficacy agents are summarized in Table 19.2.2. 

Antibody drug conjugates are a new type of targeted 
therapy that links a cancer-specific antibody to a cyto- 
toxic drug hence enabling delivery of high doses of che- 
motherapy to tumor cells, minimizing systemic toxicity, 
and maximizing tumor cell death(96). Phase I trials 
using SLC44A4, prostate-specific membrane antigen, and 
six-transmembrane epithelial antigen of the prostate-1 
(STEAP1) as targets have recently been reported with evi- 
dence of antitumor activity (97-99). 

Within systemic therapy, chemotherapy has 
been the mainstay of systemic therapy for the past 2 
decades. Mitoxantrone and prednisone regimen initially 


E Table 19.2.2 Novel agents with promising phase II data for the treatment of CRPC 


Mechanism of 


Drug Action Dose and Schedule 
TAK-700 CYP17 inhibitor 300 mg BID, 
(Orteronel) (88) 400 mg BID + 


prednisone 5 mg 

BID, 600 mg BID 
+ prednisone, or 

600 mg QD 


ARN-S509 (93) 240 mg/day oral. 
Two arms 
reported. A: 
treatment naive, 
B: abiraterone 


pretreated. 


AR antagonist 


Size Results Side Effects 

96 PSA response rate: Fatigue (72%), 
63%, 52%, nausea (44%), and 
41%, and 62%, constipation (31%) 
respectively 

Out of 43: 6 PR, 23 
SD, 9 PD 
46 (1:1) PSA response rate: A: Fatigue (30%), 


88%, B: 29%. abdominal pain 
(24%), nausea 
(22%), and diarrhea 


(17%) 


(continued) 
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E Table 19.2.2 Novel agents with promising phase II data for the treatment of CRPC (continued) 


Mechanism of 


Drug Action Dose and Schedule 
PROSTVAC- PSA-targeted Administered on 
VF (94) vaccine days 1, 14, 28, 
56, 84, 112, and 
140. GM-CSF 


was used. Had a 
placebo arm. 


Cabozantinib (101) Tyrosine kinase 100 mg daily 
inhibitor (MET with dose 


and VEGFR2 adjustment vs. 
inhibitor) placebo in CRPC 
postchemo 
Ipilumimab (102) Anti CTLA-4 10 mg/kg every 3 
monoclonal wk x 4 doses + 
antibody radiotherapy 
Dasatinib (103) SRC tyrosine 100 mg or 70 mg 
kinase inhibitor twice daily 


OGX-427 (104) Heat shock protein 600 mg IV x 3 
27 inhibitor loading doses 
followed by 
1,000 mg IV 
weekly plus 
prednisone vs. 
placebo plus 
prednisone 


Size Results Side Effects 
125 (2:1) Median PFS: 3.8 Injection site reactions 
mo in the vaccine (12%-58%), 
arm and 3.7 mo in fatigue (42%), chills 
placebo (P = .6) (14.6%), pyrexia 
Median OS: 25.1 mo (18.3%), nausea 
in the vaccine and (20.7%), and 
16.6 mo in placebo dizziness (12.2%) 
(P = .0061) 
31 (1:1) Median PFS: 23.9 Most common grade 
wk in cabozantinib 3 adverse events 
arm and 5.9 wk in were fatigue (16%), 
placebo (HR 0.12; hypertension (12%), 
P < .001) and hand-foot 
syndrome (8%). 
50 PSA response rate Diarrhea (54%), 
16% colitis (22%), rash 
CR 2%, SD 12% (32%), and pruritus 
(20%) 
47 No progression at Grade 3 included: 
week 12 in 43% fatigue (10%), 
Reduction in pleural effusion 
bone alkaline (2%), diarrhea 
phosphatase in (4%), and 
60% leukopenia (4%) 
22 reported so far PSA decline by at Grade 1-2 infusion 
(1:1) least 30%: 55% in reactions in 45% of 
OGX arm vs. 20% patients receiving 
in placebo OGX 


One patient developed 
hemolytic uremic 
syndrome 


Abbreviations: AR, androgen receptor; CR, complete response; OS, overall survival; PD, progressive disease; PFS, progressive-free survival; PR, 


partial response; SD, stable disease. 


demonstrated palliative benefit, followed by OS benefit 
shown by docetaxel and prednisone. Finally, cabazitaxel 
and prednisone regimen also demonstrated OS benefit 
post-docetaxel in metastatic CRPC. The interspersing and 
sequencing of chemotherapy within the numerous other 
agents now approved for metastatic CRPC requires fur- 
ther study. Focus on quality of life and multidisciplinary 
input into supportive care will enhance chemotherapy out- 
comes and optimize toxicities. 
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E INTRODUCTION 


Medical castration with androgen deprivation therapy 
(ADT) with either a gonadotropin-releasing hormone 
(GnRH) antagonist or, less commonly, surgical 
castration with orchiectomy remains the cornerstone 
of treatment for metastatic prostate cancer. Responses, 
however, are not durable with a median duration of 
response of approximately 18 months (1). Almost all men 
eventually develop castrate-resistant prostate cancer 
(CRPC) and die of their disease (2). Over the last decade, 
it has been recognized that, despite the failure of ADT, 
most prostate tumors maintain some dependence on 
androgen and/or androgen receptor (AR) signaling for 
proliferation (3). Indeed, a significant fraction of patients 
with metastatic prostate cancer respond to the sequen- 
tial administration of secondary hormone manipulation, 
following disease progression on ADT (4). Additionally, 
molecular pathways independent of androgen signaling 
may be invoked by prostate cancer to facilitate tumor pro- 
gression. Subsequently, drugs have been developed target- 
ing these pathways, many of which have received recent 
regulatory approval. Herein, we will focus on the drugs 
targeting androgen-dependent and -independent AR 
signaling pathways, which have recently been approved 
or have reached advanced stages of development in 
clinical trials. 


Metastatic Castrate- 
Resistant Prostate Cancer: 
Role of Androgen Signaling 
Inhibitors 


E MOLECULAR MECHANISM 
UNDERLYING PROGRESSION OF 
METASTATIC PROSTATE CANCER 


Many mechanisms have been hypothesized to underlie 
the progression of metastatic prostate cancer and can be 
best addressed by understanding the role of endocrine and 
intracrine, androgens, and the AR in the different states of 
metastatic prostate cancer. 

Prostate cancer is fueled by the androgen-axis, even 
after progression on ADT (Figure 19.3.1). Accordingly, 
the progression of metastatic prostate cancer may evolve 
through various molecular states of AR activity (5,6). The 
first state in most patients is the endocrine androgen and 
AR-dependent state. The hallmark of this state is that the 
AR is stimulated by testicular testosterone, and disease 
is typically controlled by medical or surgical castration. 
Other states include (a) intracrine androgen-dependent and 
AR-dependent state, whereby the AR is activated by intra- 
tumoral androgens, (b) the androgen/ligand-independent 
and AR-dependent state, where AR activation appears to 
be independent of ligand binding and is due to either AR 
splice variants (AR-Vs) or to cross-talk with other path- 
ways (e.g., Src kinase, c-Met, epidermal growth factor, 
Ras-Raf kinase pathway, PI3K-Akt pathway, fibroblast 
growth factor, insulin-like growth factors), and(c) the 
androgen/ligand-independent and AR-independent state, 
where AR signalling is no longer primarily responsible for 
tumor progression. 


Intratumoral Androgen Synthesis 


With castrate levels of serum testosterone, the adrenal 
glands are the predominant source of androgens. Prostate 
cancer cells adapt to castration by the intratumoral 
synthesis of androgens or by the conversion of adrenal 
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FIGURE 19.3.1 


PARTIV œ Treatment of Disseminated Disease 


Prostate Cancer Cell 


© 


Drugs targeting androgen synthesis and androgen receptor, currently approved and those in clinical stages of devel- 


opment. Thick arrows denote stimulation, flat lines denote inhibition, and thin arrows denote synthesis. 


androgens to testosterone and dihydrotestosterone (DHT) 
and, subsequently, derive a growth advantage(7). This 
may explain why the concentration of intratumoral testos- 
terone in metastatic prostate tumors in men with CRPC 
are two to three times higher than in men who have never 
received ADT, despite the fact that men naive to ADT have 
much higher serum testosterone levels (4, 8). Additionally, 
castrate-resistant cell lines have been shown to synthesize 
much higher levels of androgens than androgen-dependent 
cell lines and are capable of directly converting radioactive 
cholesterol into testosterone in vitro (9). Furthermore, many 
enzymes involved in androgen synthesis are highly 
up-regulated in CRPC compared to androgen-sensitive 
prostate cancer(8). In particular, the CYP17 enzymes, 
CYP17 hydroxylase, and CYP17,20 lyase are the pivotal 
enzymes in androgen synthesis and catalyze the conversion 
of pregnenolone and progesterone to the weak androgen 
steroids, dehydroepiandrosterone (DHEA) and androste- 
nedione, respectively. Both DHEA and androstenedione are 
eventually converted to testosterone and, subsequently, to 
the most potent androgen, DHT. In addition, it was recently 
demonstrated that the upregulation of 3B-hydroxysteroid 
dehydrogenase type 1 (3BHSD1), which mediates the 
conversion of DHEA to DHT, has been implicated in the 
progression of CRPC (10). A gain-of-stability mutation was 
shown to render 3BHSD1 resistant to ubiquitination and 
degradation, resulting in its profound accumulation in 


the cytoplasm and subsequent accelerated conversion of 
DHEA to DHT with persistent activation of the AR. 


Aberrant AR Signaling 


Multiple mechanisms facilitate the aberrant AR signal- 
ing underlying disease progression in CRPC including (a) 
somatic mutations of the AR gene,(b) increased AR 
gene expression, and(c) AR gene rearrangement, among 
others (11). 

Somatic AR mutations occur under the selection pres- 
sure of ADT and/or antiandrogens and lead to promiscu- 
ous ARs. These mutations have been shown to be activated 
by antiandrogens, such as bicalutamide, as well as other 
endogenous steroids, including progesterone or deoxycor- 
ticosterone (3,12, 13). These have been implicated in the 
withdrawal syndrome associated with antiandrogen ther- 
apy, where tumor regression and prostate-specific antigen 
(PSA) decline have been correlated with the cessation of 
treatment with AR antagonists (14). This mechanism may 
also explain why prostate cancer that progresses on one 
AR antagonist may respond favorably to another AR 
antagonist (15). 

Explaining this phenomenon, sequencing studies have 
also shown a prevalence of mutations in both the ligand 
binding domain and the N-terminal domain of the AR 
coding region(12). Using a reporter-based mutagenesis 
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screen, a novel AR mutant (AR F876L) was recently iden- 
tified in enzalutamide-sensitive cell lines and in xenograft 
models after prolonged exposure to enzalutamide (16). 
Acquisition of the AR F876L mutation converts enzalu- 
tamide and ARN-509 into AR agonists and induces 
treatment resistance in vitro, as well as in vivo (16-18). 
Using structural modeling, AR F876L has been shown 
to allow AR helix (helix 12) repositioning to an agonist- 
like conformation that permits coactivation recruitment 
in enzalutamide-treated tumor cells. Interestingly, bicalu- 
tamide remained an antagonist in these AR-mutant cells. 
Notably, DR103, a recently developed molecule, has been 
shown to restore the position of helix 12 into the antag- 
onist form, which subsequently inhibited the growth of 
prostate cancer cell lines that expressed both wild-type 
and F876L-mutant AR (16). 

An increased AR gene expression occurs, due to AR 
gene amplification, an increased rate of transcription of the 
AR gene, or increased stability of the AR transcript (9,19). 
AR gene rearrangement is a relatively recently reported 
mechanism underlying aberrant AR signaling and results 
in constitutively active truncated AR-Vs (20). AR-Vs lead 
to AR protein variants which are capable of mediating 
ligand-independent AR signaling, leading to prostate can- 
cer progression. 

Novel mechanisms underlying aberrant AR signaling 
continue to be unraveled. Recently, long noncoding RNAs 
(IncRNAs) have been implicated in aberrant AR signaling. 
Two IncRNAs (PRNCR1 and PCGEM1) were shown to 
be highly overexpressed in CRPC. These IncRNAs bind 
successively to both truncated and full-length ARs and 
strongly enhance both ligand-dependent and -independent 
AR activation. Furthermore, targeting of IncRNAs by 
antisense RNA in CRPC cell lines strongly suppressed 
tumor xenograft growth in vivo (21). 


m AGENTS TARGETING ANDROGEN 
SYNTHESIS 


Ketoconazole 


Ketoconazole, a cytochrome P-450 inhibitor, is an 
imidazole antifungal agent that has a weak and nonspecific 
inhibitory affect on several enzymes involved in andro- 
gen synthesis, including CYP17. Although ketoconazole 
has never been shown to improve survival, it was been 
frequently used in the past as a part of secondary hormonal 
manipulation, following the onset of CRPC (22). The use 
of ketoconazole, however, is associated with multiple drug 
interactions, as well as significant toxicities, due to non- 
specific inhibition of cytochrome P-450. This, coupled 
with the advent of effective novel CYP17 inhibitors, has 
made ketoconazole a suboptimal treatment option (23). 


Abiraterone Acetate 


Abiraterone acetate (AA), a pregnenolone analogue, 
and its metabolite, abiraterone, are selective irreversible 


Metastatic Castrate-Resistant Prostate Cancer: Role of Androgen Signaling Inhibitors 


339 


inhibitors of CYP17 œ hydroxylase and CYP17,20 lyase: 
both required for androgen biosynthesis (Figures 19.3.1 
and 19.3.2). Remarkably, within just a few years after the 
discovery that the intratumoral expression of CYP17A1 
(17a-hydroxylase/17,20-lyase) was an alternative means 
of increasing androgen levels within the tumor microen- 
vironment, AA received regulatory approval for the treat- 
ment of metastatic castration-resistant prostate cancer 
(mCRPC) in April 2011. 

In vitro studies have demonstrated that abiraterone 
is a more potent inhibitor of the CYP17 enzyme when 
compared to ketoconazole (24). In a phase II study, the 
efficacy and safety of AA in combination with predni- 
sone was studied in 58 men with progressive CRPC who 
experienced a prior treatment failure with docetaxel- 
based chemotherapy (25). Patients received AA at a dose 
of 1,000 mg daily, along with prednisone, 5 mg twice 
a day, to reduce abiraterone-induced hyperaldosteron- 
ism. The primary outcome was a > 50% decline in PSA, 
which was achieved in 36% of patients. The addition of 
prednisone reduced the incidence of mineralocorticoid- 
related toxicity. This was followed by phase III studies in 
patients with CRPC in the post- and predocetaxel settings 
(Table 19.3.1). 

In the first phase III trial, COU AA-301, 1,195 
patients with metastatic CRPC, who received prior 
docetaxel or two lines of chemotherapy, were random- 
ized in a 2:1 fashion to receive 5 mg of prednisone twice 
daily with either 1,000 mg of AA (797 patients) or placebo 
(398 patients) (26). A prespecified interim analysis demon- 
strated a survival benefit of AA over placebo (14.8 months 
vs. 10.9 months; hazard ratio [HR] 0.65; 95% confidence 
interval [CI] 0.54-0.77; P < .001), resulting in subsequent 
crossover of all eligible patients in the placebo group to 
receive abiraterone. Adverse effects were associated with 
secondary mineralocorticoid excess, including hyperten- 
sion, hypokalemia, and edema, which were manageable 
with the addition of a mineralocorticoid antagonist or a 
corticosteroid. The final analysis prior to the crossover 
demonstrated that at a median follow up of 20.2 months, 
the median overall survival (OS) with AA was significantly 
better than placebo (15.8 months vs. 11.2 months; HR 
0.74; 95% CI 0.64-0.86; P < .0001) (Table 19.3.1) (27). 

The favorable results seen with AA do not appear to 
be limited to post docetaxel mCRPC. Another phase III 
study, COU AA-302, evaluated 1,088 men with mCRPC 
who had never received chemotherapy. Patients were 
randomized (1:1) to receive either AA with prednisone 
or placebo with prednisone(28). The co-primary end- 
points were radiographic progression-free survival (rPFS) 
and OS. At the planned interim analysis, the study was 
unblinded after 43% of the expected deaths had occurred. 
The median rPFS was significantly improved in the 
abiraterone—prednisone group compared to the placebo- 
prednisone group (16.5 months vs. 8.3 months; HR 0.53; 
95% CI 0.45-0.62; P < .001). OS was also improved 
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with abiraterone-prednisone (median not reached vs. 
27.2 months for placebo—prednisone; HR 0.75; 95% CI 
0.61-0.93; P = .01) but did not cross the efficacy bound- 
ary. Notably, all secondary endpoints, including the time 
to initiation of cytotoxic chemotherapy, opiate use for 
cancer-related pain, PSA progression, and decline in per- 
formance status, were improved with abiraterone—pred- 
nisone compared to placebo-prednisone. Based on these 
results, AA was also approved for the treatment of mCRPC 
in the prechemotherapy setting in December 2012. While 
the COU AA-302 trial allowed only asymptomatic or 
minimally symptomatic men and excluded those with vis- 
ceral metastasis, the data from COU AA-301 suggests that 
patients with visceral disease may also benefit from AA in 
the chemo-naive setting (29). 


Orteronel (TAK 700) 


Orteronel, a novel naphthylmethylimidazole derivative, is 
a next-generation CYP17 inhibitor with higher selectiv- 
ity for CYP17,20 lyase than CYP17 hydroxylase (i.e., for 
androgen as opposed to corticosteroid synthesis) and does 
not appear to cause secondary mineralcorticoid excess 
(Figures 19.3.1 and 19.3.2) (30). 

Orteronel was investigated in a phase I/II study in 
men with progressive, chemotherapy-naive mCRPC (31). 
In the phase I portion, 26 men received orteronel at doses 
of 100 to 600 mg twice daily or at 400 mg twice daily, 


CYP17 | 
17-OH 


CYP17 
17,20 


CYP17 
17,20 
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along with prednisone 5 mg twice daily. No dose-limiting 
toxicities were observed. In the phase II portion, 97 men 
were treated with orteronel in four different dose cohorts: 
300 mg twice daily (n = 23), 400 mg twice daily + 
prednisone 5 mg twice daily (n = 24), 600 mg twice daily + 
prednisone (n = 26), or 600 mg daily without predni- 
sone (n = 24). Forty-five of 84 evaluable patients (54%) 
achieved a > 50% decline in PSA. At a 12-week follow-up 
analysis, the median levels of testosterone, DHEA-S, and 
the level of mean circulating tumor cells were decreased in 
all groups. Unconfirmed partial responses were reported 
in 10 of 51 evaluable phase II patients (20%). The most 
common grade > 3 adverse effects were fatigue, hypokale- 
mia, hyperglycemia, and diarrhea. 

In an another phase II trial in men with nonmetastatic 
CRPC with biochemical recurrence, treatment with ort- 
eronel 300 mg twice daily without prednisone resulted in 
PSA response rates of > 50% in 76% of men after 12 weeks 
of treatment with minimal toxicities (32). 

The promising data from these early clinical trials 
led to two phase HI, randomized, placebo controlled 
trials comparing the efficacy of orteronel 400 mg orally 
BID with placebo in chemotherapy-naive patients and 
in patients who previously progressed on docetaxel 
(Table 19.3.1). Despite earlier promising results, the data 
from the phase III trial of men with mCRPC (n = 1099) 
who had received prior docetaxel therapy showed 
that treatment with orteronel with prednisone did not 


FIGURE 19.3.2 Steroid synthesis pathway and the sites of action of novel agents, recently approved and those in clinical development. 
Abbreviations: CYP17, cytochrome P450 17 a-hydroxylase-C17,20-lyase; ACTH, adrenocorticotrophic hormone; DHEA, dihydroepiandrostene- 


dione; DHT, dihydrotestosterone. 
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E Table 19.3.1 
in CRPC 
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Recently reported and ongoing phase Ill clinical trials investigating agents targeting androgen signaling 


Molecular Target 


CYP17: 17 hydroxylase; 
17,20 lyase activity 


CYP17: 17 hydroxylase; 
17,20 lyase activity 


CYP17: 17,20 lyase; 17 
hydroxylase activity 


CYP17: 
17,20 lyase; 17 
hydroxylase activity 


AR 


AR 


AR 


AR and CYP17 


Arms 


AA+P 
Placebo + P 


AA+P 
Placebo + P 


TAK-700 


(orteronel) + P 


Placebo + P 


TAK-700 


(orteronel) + P 


Placebo + P 


Enzalutamide 


Placebo 


Enzalutamide 
Placebo 


ARN-509 
Placebo 


Enzalutamide 


+ abiraterone 


acetate and 
prednisone 


Population 


Docetaxel 
pretreated 


Chemo-naive 


Docetaxel 
pretreated 


Chemo-naive 


Chemo-naive 


Primary End 
Point 


OS 


OS, rPFS 


OS 


OS, rPFS 


OS, rPFS 


Prior chemotherapy OS 


Nonmetastatic 
chemo-naive 


Chemo-naive 


Metastasis-free 


survival 


OS 


Clinical Trial ID 


Comments (clinicaltrials.gov) 


Median OS with AA NCT00638690 
was significantly 
better than placebo 
(15.8 mo vs. 11.2 
mo) (COU-AA-301) 


Median rPFS was 
significantly 
improved with AA 
+ P (16.5 mo vs. 8.3 
mo). OS improved 
but did not cross 
efficacy boundary 
(COU AA-302) 


NCT00887198 


No improvement NCT01193257 
demonstrated in OS, 
but with significant 
improvement in 
rPFS (a secondary 
end point). 

Posttrial treatment 
with abiraterone 
may have 
confounded OS 
data. 


Accrual: completed; © NCT01193244 


results: pending 


Significant NCT01212991 
improvement 

in rPFS with 
enzalutamide over 
placebo. Median 
OS was 32.4 mo in 
the enzalutamide 
arm vs. 30.2 mo 

in the placebo arm 
constituting a 29% 
reduction in risk of 
death (PREVAIL) 


Increased median OS NCT00974311 
compared to the 
placebo group (18.4 
mo vs. 13.6 mo) 


(AFFIRM) 

Accrual: ongoing NCT01946204 
(SPARTAN) 

Accrual: ongoing NCT01949337 


Abbreviations: AA, abiraterone acetate; AR, androgen receptor; CRPC, castrate-resistant prostate cancer; mCRPC, metastatic castration-resistant 
prostate cancer; OS, overall survival; P, prednisone; PFS, progression-free survival; rPFS, radiographic progression-free survival. 
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demonstrate an improvement in OS when compared 
to the control arm of prednisone alone (17 months vs. 
15.2 months, HR 0.886, P = .1898)(33). There was, 
however, an advantage with orteronel plus predni- 
sone for the secondary end point of rPFS (8.3 months 
vs. 5.7 months, HR 0.76, P = .00038). In addition, no 
safety concerns were reported. It is possible that the 
impact of orteronel on OS may have been confounded by 
posttrial treatment with AA, which received Food and 
Drug Administration approval at the time the trial was 
accruing patients. Indeed, substantial regional differ- 
ences were seen in the OS benefit according to the avail- 
ability of AA: median OS (orteronel vs. placebo) was 
20.9 versus 16.9 months (HR 0.889) in North America 
(n = 112), 18.3 versus 17.8 months (HR 1.048) in Europe 
(n = 590), and 15.3 versus 10.1 months (HR 0.709) in 
the rest of the world (n = 397). Another phase III trial in 
the pre-docetaxel setting has recently completed accrual 
(Table 19.3.1). 


VT-464 (Viamet) 


Viamet is a novel oral CYP17 inhibitor with a higher selec- 
tivity for 17,20-lyase over 17-hydroxylase (Figures 19.3.1 
and 19.3.2). This selectivity was demonstrated in compari- 
son of the activity of VI-464 to that of AA both in vitro 
and in the adult male castrate rhesus monkeys. VT-464 
was 10-fold more selective for human CYP17 lyase over 
hydroxylase inhibition, resulting in androgen suppression, 
but, importantly, no increases of up-stream steroids or 
evidence of cortisol suppression. In contrast, abiraterone 
was sixfold more selective for hydroxylase over lyase 
inhibition resulting in increased up-stream steroid and 
cortisol suppression. Thus, VT-464 provides an opportunity 
to be potentially used without concomitant steroids (34). 
Currently, VT 464 is undergoing phase I development. 


E AGENTS TARGETING THE ANDROGEN 
RECEPTOR 


Conventional Antiandrogens 


Antiandrogens work by competitively inhibiting the bind- 
ing of testosterone and DHT with the AR. Currently 
approved antiandrogens in the United States include 
bicalutamide, flutamide, and nilutamide, all of which are 
nonsteroidal antiandrogens. In the setting of mCRPC, 
antiandrogens are used for secondary hormonal manipu- 
lation. Monotherapy with antiandrogens (without GnRH 
agonist) is not recommended because of concerns for infe- 
rior survival when compared to GnRH agonist therapy 
alone (23). 


Enzalutamide 


Enzalutamide, formerly referred to as MDV3100, is a 
novel a thiohydantoin AR antagonist that binds to the 
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androgen binding site of the AR with a greater relative 
affinity than bicalutamide (Figure 19.3.1). Enzalutamide 
reduces the efficiency of nuclear translocation of the AR, 
DNA binding to androgen response elements, and the 
recruitment of coactivators by the AR (35). 

In a phase I/II study of 140 men with mCRPC, anti- 
tumor effects were seen at all doses (30 mg to 600 mg 
daily), including decreases in serum PSA of = 50% in 56% 
patients, soft tissue responses in 22% of patients, stabi- 
lization of bone disease in 56% of patients, and conver- 
sion from unfavorable to favorable circulating tumor cell 
counts in 49% of patients(36). The maximum tolerated 
dose for sustained treatment (> 28 days) was 240 mg. 
Enzalutamide was generally well tolerated, with fatigue as 
the most common dose-dependent grade 3 to 4 side effect. 
These data led to placebo-controlled phase III trials, the 
AFFIRM and PREVAIL trials, in the post-docetaxel 
setting and in chemo-naive patients with metastatic 
CRPC, respectively (Table 19.3.1). 

In the AFFIRM phase III trial, 1,199 men with 
mCRPC who had received prior chemotherapy were 
randomized (2:1) to receive oral enzalutamide at 160 mg 
daily versus placebo, with OS being the primary end 
point (37). The study was stopped after the planned 
interim analysis, when 520 deaths occurred. In patients 
randomized to enzalutamide, there was a significant 
increase in the median OS when compared to the placebo 
group (18.4 months vs. 13.6 months; HR 0.63; 95% CI 
0.53-0.75; P < .001). This led to the regulatory approval 
of enzalutamide in August 2012. Enzalutamide was also 
superior over placebo with respect to all secondary end- 
points, including PSA progression, rPFS, quality-of-life 
response rate, time to PSA progression, and soft-tissue 
response rate. Overall, enzalutamide was well tolerated 
with fatigue, diarrhea, and hot flashes more common 
in the enzalutamide group. Seizures were also reported 
in five (0.6%) patients, with the majority of these cases 
associated with underlying predisposing factors. Of 
note, enzalutamide does cross the blood-brain barrier 
and decreases the seizure threshold in a small number of 
predisposed patients. It has been hypothesized that this 
may be due to inhibition of the gamma-aminobutyric 
acid—gated chloride channel (38). 

In the PREVAIL trial, 1,717 chemo-naive patients 
with mCRPC were randomized (1:1) to enzalutamide 
160 mg daily or placebo. OS and rPFS were the co-primary 
endpoints (39). The rate of rPFS at 12 months was 65% 
among patients treated with enzalutamide, as compared 
with 14% among patients receiving placebo (81% risk 
reduction; HR in the enzalutamide group, 0.19; 95% CI 
0.15 to 0.23; P < .001). The median OS was also improved, 
with a 29% reduction in risk of death (HR 0.71; 95% CI 
0.60 to 0.84; P < .001). The estimated median OS was 
32.4 months (mo) (95% CI, 31.5-upper limit not yet 
reached in the enzalutamide arm) versus 30.2 mo (95% 
CI, 28-upper limit not yet reached) in the placebo arm. 
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The superiority of enzaluamide over placebo was shown 
with respect to all secondary end points: the time until the 
initiation of cytotoxic chemotherapy (HR 0.35), the time 
until the first skeletal-related event (HR 0.72), a complete 
or partial soft-tissue response (59% vs. 5%), the time until 
PSA progression (HR 0.17), and a rate of decline of at least 
50% in PSA (78% vs. 3%) (P < .001 for all comparisons). 
The most common clinically relevant adverse events asso- 
ciated with enzalutamide were fatigue and hypertension. 
Seizure events were reported in two patients, one in each 
arm. Currently, there are two ongoing studies evaluating 
the role of enzalutamide prior to cytotoxic chemotherapy 
in men with CRPC after failure with primary ADT, in the 
metastatic and nonmetastatic settings (Table 19.3.1). 


ARN-509 


ARN-509 is a novel small molecule AR antagonist that is 
structurally and mechanistically similar to enzalutamide. 
In a murine xenograft model of mCRPC, ARN-509 
showed greater antitumor activity than enzalutamide, for 
any given dose and plasma concentration. Furthermore, 
ARN-S509 achieved significantly lower steady-state brain 
levels than those observed with enzalutamide, suggest- 
ing a potential lower risk for seizures (40). In a phase I/ 
II study of 24 men with metastatic CRPC, ARN-509 was 
found to be safe and well tolerated with promising PSA 
responses. (55% patients had > 50% PSA declines.) There 
was also pharmacodynamic evidence of AR antagonism, 
with fluoro-dihydro-testosterone (FDHT)-—positron emis- 
sion tomography imaging demonstrating AR blockade at 4 
weeks across multiple doses. Of the seven dose levels inves- 
tigated, a dose of 240 mg daily was selected for the phase 
II portion (41). The most common treatment-related grade 
1 to 2 side effects were fatigue (38%), nausea (29%), and 
pain (24%). A phase II evaluation showed that, at 12 weeks, 
the PSA response was 91% intherapy-naive, 60% in post-AA 
mCRPC patients, and 89.5% in nonmetastatic CRPC 
patients (42,43). Currently, a phase III trial of ARN-509 
is accruing men with nonmetastatic CRPC (Table 19.3.1). 


ODM-201 


This is a novel and a potent oral AR antagonist that does 
not penetrate the blood-brain barrier in preclinical mod- 
els (Figure 19.3.1). In a phase I/II study, treatment with 
ODM-201 was well tolerated and was associated with a 
high level of activity in mCRPC, including those with 
prior treatment with docetaxel and a CYP17 inhibi- 
tor (44). Overall, 136 patients were recruited (phase I: 
24; phase II: 112) and treated at three twice daily dose 
levels: 100, 200, and 700 mg. No dose-limiting toxicity 
was found. Seventy-eight of 108 (70%) evaluable patients 
experienced a PSA decline during the first 12 weeks, 
including a > 50% PSA drop in 44 of the 108 (41%). No 
seizures were observed (44). An updated analysis of clinical 
efficacy of ODM-201 in this trial was recently reported. 
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Of 136 patients, 124 were eligible for the evaluation of 
imaging responses. Objective responses in soft tissue 
(complete response + partial response + stable disease) 
and bone lesions (improved + stable), respectively, were 
observed in(a) patients without prior exposure to chemo- 
therapy or a CYP17 inhibitor (n = 37, 85% and 82%); 
(b) patients with prior exposure to chemotherapy but not 
to a CYP inhibitor (n = 32, 60% and 62%); and (c) patients 
with prior treatment with a CYP17 inhibitor only (n = 
55, 59% and 54%). Remarkably, imaging responses were 
seen in a majority of patients with prior treatment with a 
CYP17 inhibitor (45). 


AZD3514 
This is a first in class, selective androgen receptor down 
regulator (SARD), which inhibits both androgen- 


dependent and -independent AR signaling (Figure 19.3.1). 
This is an oral agent that modulates AR signaling through 
two distinct mechanisms: first, through inhibition of 
ligand-driven nuclear translocation of the AR and second 
through down regulation of AR levels, likely by reduc- 
ing the rate of synthesis. Preclinically, AZD3514 has 
been shown to have antitumor activity in both androgen- 
sensitive and castration-resistant prostate tumors (46). In a 
first-in-man phase I trial, 49 men with CRPC were treated 
with escalating dose levels of AZD3514 (47). Encouraging 
responses were observed, even in those with prior dis- 
ease progression on AA. These included PSA decline 
of > 30% in 11 of 49 men (23%), PSA decline of > 50% in 
7 of 49 men (14%), and objective soft tissue responses in 2 
of 26 men (8%) with measurable disease. No dose-limiting 
toxicities were seen, and the most common toxicities were 
nausea and vomiting, managed with oral antiemetics. 


E AGENTS TARGETING ANDROGEN 
SYNTHESIS AND AR 


TOK-001 (Galeterone) 


TOK-001 is a rationally designed inhibitor of androgen 
biosynthesis that is structurally similar to abiraterone. 
Like abiraterone, TOK-001 directly inhibits CYP17, as 
well as the AR, but TOK-001 has the additional unique 
ability to down regulate AR expression by binding with 
the AR and reducing AR protein levels (Figures 19.3.1 
and 19.3.2) (48). In mouse xenograft models, TOK-001 
reduced tumor growth more effectively than castration 
and bicalutamide (48). In a phase I study (ARMOR1) of 
chemo-naive men with CRPC, TOK-001 was well toler- 
ated and demonstrated clinical activity, with 22% of 49 
patients demonstrating a > 50% PSA decline and an addi- 
tional 26% with PSA declines of 30% to 50% (49). 

Based on these encouraging preliminary results, a 
two-part phase II study (ARMOR2) designed to confirm 
the dose of reformulated oral galeterone (part 1) and to 
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demonstrate safety and efficacy in four distinct CRPC 
patient cohorts (part 2) has been initiated and is expected to 
enroll 136 patients. Preliminary results of part 1 of the study 
were recently reported (50). Metastatic and nonmetastatic 
treatment naive CRPC patients were enrolled to three 
dose cohorts of 1,700, 2,550, or 2,400 mg daily. Addition- 
ally, an AA refractory group of patients were treated with 
a starting dose of 2,550 mg daily. A once-daily galeterone 
dose of 2,550 mg was selected for part 2 based on safety, 
efficacy, and pharmacokinetic data. Of 39 patients fol- 
lowed up for at least 12 weeks across all doses, 79% 
experienced a PSA response of = 30% and 67% achieved 
a PSA response of = 50%. Notably, galeterone showed 
activity in three patients with prior disease progression on 
AA, with one achieving a PSA response of 30% and two 
experiencing stabilization of PSA. Galeterone was well 
tolerated with majority (94%) of adverse effects being 
grade 1 and 2. There were no reports of mineralocorticoid 
excess and no patient required prednisone. 


E CONCLUSIONS 


Improved understanding of the molecular biology underly- 
ing progression of CRPC over the last two decades has led to 
the discovery of novel molecular pathways and targets. This 
has led to a proliferation of therapeutic agents for treatment 
of metastatic CRPC. In a short span of 3 years, many novel 
drugs have been approved for use, revolutionizing the treat- 
ment paradigm in mCRPC. Amidst this changing landscape 
of treatment options in metastatic CRPC, more changes are 
on the horizon as many ongoing trials are likely to result 
in regulatory approval of newer agents. Unfortunately, 
despite all these therapeutic advances, current therapy has 
only conferred modest gains in survival outcomes and the 
disease remains, ultimately, incurable. Working against 
improved outcomes are heterogenous mechanisms of drug 
resistance. Advances, therefore, are required in the identifi- 
cation of predictive biomarkers and the need for personal- 
ized treatments of patients with CRPC both initially and at 
the time of disease progression. This will ultimately improve 
outcomes by employing a model with drug regimens target- 
ing molecular pathways specific to a given patient’s tumor 
rather than a model consisting of nonspecific treatment for 
all. An example of this is demonstrated with the onset of 
resistance to AA, which can occur as a result of upregula- 
tion of CYP17A1 expression and/or the induction of ligand- 
independent AR variants, among other mechanisms (51). 
This upregulation alone provides the rationale for using a 
more potent CYP17A1 inhibitor. In addition, the induction 
of a ligand-independent AR variant alone provides the ratio- 
nale for using enzalutamide. From the perspective of per- 
sonalized medicine, the identification of both of these drug 
resistance pathways in an individual provides the rationale 
for combining both strategies. Indeed, clinical trials are 
evaluating rational combinations of biologic agents based 
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on a better understanding of tumor biology, which may, 
subsequently, lead to approval of these combinatorial regi- 
mens, for example, AA combined with PI3K/Akt inhibitors 
or combined with enzalutamide (Table 19.3.1). 

The first step toward personalizing mCRPC treatment 
is the development of innovative clinical trials consisting 
of pretreatment genomic characterization of the tumor, 
followed by adaptive randomization of each patient to a 
particular treatment arm based on the underlying genomic 
signatures of their individual tumors. Until predictive bio- 
markers are identified and validated, the sequencing of all 
approved agents demonstrated to extend survival should 
be attempted based on patient-specific clinical factors. No 
effort should be spared in providing access to clinical trials 
evaluating promising new agents or the use of previously 
approved agents in tumors with known susceptibility. 
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E INTRODUCTION 


Classically, the effects of radiotherapy are believed to 
induce killing of tumor cells through direct and indirect 
DNA damage leading to cell cycle arrest and mitotic catas- 
trophe (1). Effective tumor control is obtained by reaching 
a dose high enough to induce sufficient lethal DNA dam- 
age in every tumor cell clone within the radiation field. 
For prostate cancer, radiotherapy dose escalation has 
been shown in multiple randomized trials to improve bio- 
chemical progression-free survival (2-4), likely as a result 
of eradicating residual prostate cancer clones. However, 
there is now a growing body of literature suggesting 
that in addition to DNA damage, radiation may modu- 
late the immune system and induce antitumor immune 
responses (5-16). Recent data have shown that radio- 
therapy can activate antigen-presenting cells and induce 
T-cell-mediated antitumor immune responses (8, 10-14). 
Furthermore, multiple groups have shown that when 
radiotherapy is combined with immunotherapy, there can 
be enhanced systemic responses outside of the radiation 
field, termed abscopal effects (6, 16-20). Here, we review 
the literature related to the general effects of radiotherapy 
on the immune system as well as the role of combining 
radiotherapy with immunotherapy. We divide the actions 
of radiotherapy into direct effects acting on cells of the 
immune system versus indirect effects acting on the tumor 
cells. 


E RADIATION AND THE IMMUNE 
SYSTEM 


Traditionally, radiotherapy has been believed to have 
a negative effect on the immune system, potentially by 
directly killing or inactivating leukocytes within the radi- 
ation field (21). Evidence of this immunosuppressive effect 
comes from studies of whole body irradiation or large 
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radiotherapy fields encompassing substantial proportions 
of bone marrow or lymphoid organs (22,23). However, 
recent studies have countered these findings and instead 
suggest that high-dose focused radiotherapy has the 
potential to enhance and boost immune responses. The 
mechanism behind this enhancement is not fully under- 
stood but believed to involve the release of tumor antigens 
during inflammatory cell death, activation of dendritic 
cells, and/or recruitment of effector T-cell populations. 
The effects of radiotherapy on the immune system and 
antitumor immune responses can be divided into direct 
effects versus indirect effects. Here, we refer to direct 
effects as the impact of radiotherapy directly on cells of 
the immune system (i.e., antigen-presenting cell [APC], T 
cells, B cells). We categorize indirect effects as immuno- 
modulation brought about by radiation on tumor cells. 

Professional APC includes dendritic cells, macro- 
phages, and B cells. Among APCs, dendritic cells are 
the most potent due to their extensive dendrite morphol- 
ogy and high concentration of major histocompatibility 
complex (MHC)-antigen complexes and co-stimulatory 
molecules including CD80, CD86, and CD70. This is 
important because MHC-antigen complexes are the sig- 
nal 1 required for T-cell activation. Signal 2 represents 
the co-stimulatory cell surface molecules (e.g., CD80, 
CD86), which are also required for initial T-cell licens- 
ing and activation. Thus, many groups have used dendritic 
cell vaccines as an approach to boost antitumor immune 
responses. However, aggressive prostate cancers develop 
multiple mechanisms of overcoming and suppressing the 
immune system, including decreased antigen expression, 
expression and secretion of inhibitory surface molecules 
or cytokines, and recruitment of suppressor populations 
(24-27). Furthermore, in the setting of central and periph- 
eral self-tolerance, the repertoire of antigen-specific cyto- 
toxic T cells may already be deleted, anergic, or converted 
and tolerized (28). Thus, major hurdles must be overcome 
to induce a robust and efficacious immune response in the 
face of considerable inhibitory regulation. 

One of the first studies to investigate the role of the 
immune system in the effects of radiotherapy was published 
in 1979 by Stone et al. (29). This study used fibrosarcoma 
tumors induced in over 500 mice to address the question 
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whether the status of the host immune system impacts 
the dose of radiotherapy required to control fibrosarcoma 
tumors. Four groups of mice were studied. Two groups of 
mice had their immune systems suppressed by either whole 
body radiation (WBI) or thymectomy at 8 weeks of age 
followed by WBI and reconstitution with whole bone mar- 
row cells. A third group of mice had their immune systems 
stimulated with attenuated Corynebacterium parvum. 
The authors reported significant differences in the dose 
of radiotherapy required to control 50% of the tumors 
between the groups. Control mice required a dose of 
3,040 rads (confidence interval [CI] 2,850-3,240, 
n = 296), where immunosuppressed mice required higher 
doses of 5,080 rads (CI 4,760-5,430, n = 55) or 6,450 
rads (CI 6,200-6,710, n = 80). Furthermore, mice with 
activated immune systems required a significantly lower 
dose of 1,530 rads (CI 1,160-2,020, n = 142) to control 
the tumors. They then performed rechallenge experiments 
using mice that were cured from the initial treatment and 
observed multiple spontaneous rejections in all groups 
except the mice immunosuppressed with WBI. This early 
work provides substantial evidence that the status of the 
host immune system plays an important role in the thera- 
peutic effects of radiotherapy. 

More recent studies have elaborated on these find- 
ings, isolating the cell populations required for this effect 
and identifying mechanistic effects of radiation on tumor 
cells and cells of the immune system. For example, Lugade 
et al. used a mouse model of B16 melanoma expressing 
the model antigen ovalbumin and reported that mice irra- 
diated with 15 Gy x1 or 5 Gy x3 had increased tumor- 
associated antigen presentation and T-cell activation in 
the draining lymph node (15). Additionally, radiotherapy 
resulted in an increase in tumor infiltrating lymphocytes, 
which they showed was most likely due to increased traf- 
ficking of T cells to the tumor (15). Interestingly, the single 
dose of 15 Gy was superior in inducing these immune 
responses when compared to the fractionated schedule, 
although it is known from radiobiology principles and 
biologically equivalent dose calculations that 15 Gy x1 is 
not equivalent to 5 Gy x3. Nevertheless, this study was 
one of the first to demonstrate that radiotherapy alone is 
capable of inducing antigen-specific antitumor immune 
responses. 

Mechanistically, Reits et al. from the National Cancer 
Institute (NCI) studied the effects of radiotherapy on 
MHC class I antigen presentation (14). They showed that 
radiotherapy alone increased the cell surface expression 
of MHC class I on melanoma cells in a dose-dependent 
manner. This is a critical finding because MHC class I 
is the molecule directly recognized by classical cytotoxic 
CD8 T cells. Molecularly, they reported that radiother- 
apy resulted in increased degradation of existing cellular 
proteins that increased the intracellular peptide pool (14). 
Subsequent activation of mammalian target of rapamycin 
(MTOR) then resulted in enhanced protein translation 
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and antigen presentation. Intriguingly, they also demon- 
strated that radiotherapy can result in the production of 
novel proteins with distinct epitopes loaded into MHC 
class I, which are recognizable by CD8 T cells (14). This 
study provides important mechanistic rationale for the 
ability of radiotherapy to enhance tumor-associated anti- 
gen presentation. 

If radiotherapy increases the expression of MHC on 
the surface of tumor cells, this raises the following ques- 
tion: Are irradiated human tumor cells more susceptible 
to cytotoxic T cells and immune-mediated cell death? This 
question was addressed in a study published in Cancer 
Research by Garnett et al. (30). The authors analyzed the 
effects of radiotherapy on 23 human cell lines, includ- 
ing 12 colon, 7 lung, and 4 prostate lines. They found 
that at 72 hours after irradiation, 91% of the cell lines 
(21 of 23) increased expression of cell surface molecules 
involved in immune-mediated cytotoxicity, including Fas, 
major histocompatibility complex (MHC), and intercel- 
lular adhesion molecule 1 (ICAM-1). They then showed 
that radiotherapy significantly increased the susceptibil- 
ity of tumor cells to immune-mediated cell death from 
antigen-specific CD8 T cells using cytotoxicity assays. 
These findings provide powerful evidence for the ability of 
radiotherapy to increase the susceptibility of tumor cells 
to immune-mediated recognition and cell death. 

The importance of CD8 T cells was also addressed 
by the groups of Ralph Weichselbaum and Yang-Xin 
Fu from University of Chicago in a study entitled: 
“Therapeutic Effects of Ablative Radiation on Local 
Tumor Require CD8* T Cells: Changing Strategies for 
Cancer Treatment” (13). In this study, the authors used a 
B16 melanoma model to study the ability of radiotherapy 
to induce antigen-specific antitumor immune responses. 
Wild-type C57B/6 mice were injected SQ with 10° B16 
melanoma cells and treated 14 days later with 15 Gy with 
or without CD8 T-cell depletion using 200 pg of anti-CD8 
antibody 0, 4, and 8 days after radiation therapy (RT). 
They reported that the mice receiving RT plus CD8 deple- 
tion had significantly increased tumor size and decreased 
survival compared to RT alone group (P < .007 at day 14 
and P < .001, respectively) (13). They subsequently went 
on to show that radiotherapy enhanced the proliferation 
of antigen-specific T cells in the tumor draining lymph 
node. This effect was not seen using chemotherapy alone 
and was diminished in the chemotherapy combined with 
radiotherapy group compared to radiotherapy alone. 
These findings run counter to the classical teaching that 
the effects of radiotherapy are mediated via DNA dam- 
age alone in either tumor cells or tumor stroma. Instead, 
they suggest a new paradigm where CD8 T cells may be 
induced by radiotherapy and contribute to tumor control. 

Studies have also been undertaken looking at the 
direct effects of radiotherapy on APCs of the immune sys- 
tem. Gupta et al. analyzed the effects of a single dose of 
10 Gy on dendritic cell function and how that correlated 
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with the efficacy of radiotherapy (8). By using a MC38 
colorectal cancer model and a B16 melanoma model, 
they reported that the ability of radiotherapy to control 
tumor growth was actually dependent on both CD8 T 
cells and CD11c* dendritic cells, but not on CD4 T cells 
or macrophages. In other words, depletion of CD8 cells 
or CD11c cells blocked the ability of radiation to slow 
tumor growth. They subsequently showed that a single 
dose of 10 Gy increased activation and expression of co- 
stimulatory molecules CD86 and CD70 on the cell surface 
of dendritic cells. Given that dendritic cells play a critical 
upstream role in cross-presentation of tumor antigens and 
induction of adaptive immune responses, it is logical that 
they too would play a key role in the immune-modulating 
effects of radiotherapy. 

Taken together these corroborating studies from 
multiple different groups provide solid evidence for the 
ability of radiotherapy to induce antitumor immune 
responses and that these immune responses may contrib- 
ute to tumor control. Furthermore, these findings open up 
exciting new avenues for research and provide mechanistic 
rational for combining radiotherapy with immunotherapy. 


m CELL-BASED IMMUNOTHERAPY 
AND RADIATION 


Recently, the field of immunotherapy has gained sig- 
nificant interest as basic science discoveries have been 
translated to Food and Drug Administration (FDA)- 
approved clinical therapies. It is now widely accepted 
that the immune system plays a critical role in tumor 
biology, as described by the three Es of cancer immu- 
noediting: elimination, equilibrium, and escape (31). The 
term elimination represents the classical paradigm of 
immunosurveillance, where the immune system is seek- 
ing and eradicating cells that have undergone malignant 
transformation. Equilibrium represents a dynamic state 
potentially lasting years where malignant cells under 
internal and external stress adapt and respond to sur- 
vive while interacting and modulating the immune sys- 
tem. Tumor escape denotes a phase where select cancer 
cells have overcome barriers to continued growth and 
can proliferate and spread in an immunocompetent host. 
As these interactions between the immune system and 
cancer cells become better understood, additional targets 
and strategies for immunomodulation have been discov- 
ered and translated for clinical benefit. 

After many years of basic science and clinical 
research, Sipuleucel-T (Provenge, Dendreon Corp.) was 
approved by FDA in 2010 for prostate cancer and was the 
first therapeutic dendritic cell-based vaccine approved for 
any cancer type. Sipuleucel-T is a dendritic cell vaccine 
generated from the patient’s autologous peripheral blood 
mononuclear cells (PBMCs). It is FDA approved for mini- 
mally symptomatic metastatic castrate-resistant prostate 
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cancer (mCRPC). PBMC are cultured ex vivo with a 
prostaticacid phosphatase (PAP)-—granulocyte-macrophage 
colony-stimulating factor (GM-CSF) fusion and are then 
re-infused back into the patient. PAP is an enzyme that 
functions to dephosphorylate macromolecules in human 
prostate tissues and is an antigenic biomarker of prostate 
cancer (32). GM-CSF is a powerful hematopoietic growth 
factor with pleotropic ability to enhance dendritic cell 
maturation and function by activating key signaling path- 
ways including canonical nuclear factor-KB, JAK/STAT, 
and mitogen-activated protein kinases (MAPK) (33). 
Thus, the aim of this fusion protein is to induce an anti- 
gen-specific antitumor immune response against PAP with 
GM-CSF providing cytokine co-stimulation. 

Along these lines, GM-CSF has also been used in 
studies combined with radiotherapy to evaluate for any 
potential synergy. In a study by Wada et al., transgenic 
adenocarcinoma of the mouse prostate (TRAMP) mice 
were used to study the effects of radiotherapy combined 
with a GM-CSF cell-based vaccine on development of 
antitumor immune responses (34). TRAMP mice spon- 
taneously develop prostate adenocarcinoma and serve 
as an excellent autochthonous mouse model for prostate 
cancer. In this study, the TRAMP mice were engineered 
to express the model antigen hemaglutinin (HA) under 
a prostate-specific probasin promoter for the purposes 
of tracking antigen-specific immune responses (ProHA/ 
TRAMP mice). Interestingly, ProHA/TRAMP mice 
treated with stereotactic radiotherapy in combination 
with the GM-CSF-secreting cell-based vaccine showed 
decreased tumor bulk and pathologic grade compared to 
radiotherapy or immunotherapy alone (34). Additionally, 
the combined treatment improved survival of the mice in a 
metastatic model and also increased the ratio of CD8 and 
CD4 T-effector to T-regulatory cells within the prostate 
tumors. Note that in this study, the radiotherapy was deliv- 
ered precisely using computed tomography—based image 
guidance present on the small animal radiation research 
platform (SARRP). By using the SARRP, the authors also 
investigated the effect of radiation dose on the presence 
of HA-specific T cells within the prostate tumors and 
found that 12 Gy x1 appeared to be the optimal for this 
mouse model. This study supports the use of radiotherapy 
combined with immunotherapy for potentiating immune 
responses and improving local control. These data also 
highlight the importance of timing and radiotherapy dose 
effects, which deserve further investigation. 


E CHECKPOINT BLOCKADE COMBINED 
WITH RADIOTHERAPY—THE ABSCOPAL 
EFFECT 


Much of the recent attention that immunotherapy has 
received has centered on clinical results from studies 
incorporating checkpoint blockade. The immune system 
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is very powerful and when dysregulated can cause severe 
damage to the host as evidenced by autoimmune disease 
or cytokine storm. Thus, to maintain homeostasis, pow- 
erful mechanisms and checkpoints must exist to control 
and negatively regulate the immune system. Checkpoint 
blockade mainly refers to the use of monoclonal antibod- 
ies that target these negative regulators and block their 
function. In other words, blocking or removing the brakes 
on the immune system leads to increased activation. One 
of the most powerful regulatory mechanisms that damp- 
ens or shuts down T-cell responses are immune checkpoint 
receptor molecules expressed on the T-cell surface, includ- 
ing cytotoxic T-lymphocyte antigen 4 (CTLA-4) and 
programmed cell death 1 (PD-1) (35,36) (Figure 19.4.1.1). 
Monoclonal antibodies against CTLA-4 and PD-1 now 
have demonstrated clinical efficacy in multiple different 
tumor types and are currently in phase III development in 
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non-small-cell lung carcinoma (NSCLC), renal cell carci- 
noma, and melanoma (37, 38). 

When radiotherapy is combined with checkpoint 
blockade, there is growing preclinical data in animal 
models as well as clinical case reports of robust immune 
responses and durable systemic tumor control (17-20). 
Interestingly, this provocative evidence suggests that anti- 
tumor immune responses induced by radiotherapy can 
act at distant sites outside of the radiation field, termed 
the abscopal effect (Figure 19.4.1.2). Originally coined by 
Dr. R. H. Mole in 1953, the abscopal effect refers to an 
effect of radiation outside the radiation field (“Ab” means 
“away,” while “scopal” refers to the “target,” thus away 
from target)(39). Silvia Formenti and Sandra Demaria 
from New York University have pioneered combining 
radiotherapy with checkpoint blockade and have inves- 
tigated the abscopal effect in animal models and clinical 
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FIGURE 19.4.1.2 Antitumor immune responses induced by radiotherapy can act at distant sites outside the radiation field, termed 


the abscopal effect. 


trials. In a study published in 2009, Dewan et al. analyzed 
the effects of CTLA-4 blockade combined with various 
radiation dose and fractionation schemes on TSA breast 
carcinoma and MC38 colorectal carcinoma models (20). 
By using a model developed to test for the abscopal effect, 
they established tumors in the bilateral flanks of mice and 
treated the primary tumor with radiotherapy while shield- 
ing the secondary opposite tumor. Thus, in this model, any 
distant or abscopal effects of radiotherapy on the second- 
ary shielded tumor could be evaluated and compared to 
control or systemic treatment alone. The authors reported 
that using the 9H10 monoclonal antibody against CTLA-4 
alone or radiotherapy alone had no effect on the secondary 
shielded tumors. However, radiotherapy combined with 
anti-CTLA-4 Ab resulted in an abscopal effect with signif- 
icant growth inhibition of the contralateral shielded tumor 
(P < .01) (20). Furthermore, they reported that the inhibition 
of the secondary contralateral tumors was proportional to 
the frequency of tumor-specific interferon-gamma-positive 
CD8 T cells. Interestingly, they evaluated the effect of vary- 
ing the radiation dose and fractionation used and reported 
that fractionated radiotherapy of 8 Gy x3 was significantly 
more effective in inducing the abscopal effect compared to 
single dose of 20 Gy x1. This study serves as a key refer- 
ence and provides critical preclinical evidence of improved 
local and distant tumor control when radiotherapy is com- 
bined with checkpoint blockade immunotherapy. 


A study published by an independent group in 
Chicago evaluated the effects of radiotherapy combined 
with blockade of programmed cell death ligand 1 
(PD-L1) in TUBO breast carcinoma and MC38 colorec- 
tal carcinoma (17). They reported that PD-L1 was upreg- 
ulated in the tumor microenvironment after irradiation 
and that anti-PD-L1 antibody (clone 10F.9G2; Bio-X 
Cell) enhanced the efficacy of radiotherapy (12 Gy x1), 
also resulting in an abscopal effect (17). Note that they 
showed that depleting CD8 T cells abrogated this synergy, 
demonstrating again the dependence of the immune sys- 
tem for the abscopal effect. Other groups have described 
similar abscopal effects in different cell types including 
hepatocellular carcinoma and pancreatic adenocarci- 
noma (40,41). Thus, further investigation and clinical 
trials are needed to determine whether these preclinical 
findings can be reproduced and observed in patients. 

In this regard, clinical trials have been performed 
incorporating anti-CTLA-4 antibody (ipilimumab) with 
radiotherapy for mCRPC (42, 43), based on preclinical evi- 
dence of synergistic activity. A phase I/II study evaluated 
ipilimumab alone or in combination with radiotherapy 
(8 Gy x1) for mCRPC (43). Thirty-three patients received 
ipilimumabat 3, 5, or 10 mg/kg every 3 weeks for four doses 
or 3 or 10 mg/kg combined with radiotherapy. The high- 
dose ipilimumab cohort of 10 mg/kg was expanded to 
50 patients. Ipilimumab is known to have immune-related 
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adverse events, which were observed, including diarrhea, 
colitis, rash, and pruritus. There was 16% grade 
3/4 colitis and 10% grade 3/4 hepatitis, as well as one 
treatment-related death. In the group of patients receiving 
10 mg/kg + radiotherapy, they reported that eight patients 
had a prostate-specific antigen decline of > 50%, one with 
complete response and six with stable disease. A larger 
multicenter, randomized, double-blind phase III study 
randomly assigned patients with mCRPC to receive bone- 
directed radiotherapy (8 Gy x1) followed by ipilimumab at 
10 mg/kg or placebo every 3 weeks for up to four doses (42). 
Seven hundred and ninety-nine patients were randomized 
with 399 in the ipilimumab group and 400 in the placebo 
group. The authors reported a median overall survival of 
11.2 months in the patients receiving ipilimumab (95% 
CI 9.5-12.7) versus 10.0 months in patients receiving 
placebo (CI 8.3-11.0) resulting in a hazard ratio of 0.85 
(0.72-1.00; P = .053)(42). Common immune-related 
adverse events include diarrhea, fatigue, anemia, and coli- 
tis. These results did not show a significant improvement 
in overall survival, although there were signs of clinical 
activity that may warrant further investigation. Note that 
preclinical data suggest that the ability of radiotherapy 
to synergize with immunotherapy depends on dose, frac- 
tionation, and potentially timing of treatments. Regarding 
radiotherapy dose, it is possible that doses higher than 8 Gy 
are needed to induce significant immune responses or pos- 
sibly combining immunotherapy with anti-CTLA-4 and 
anti-PD-1/PD-L1 antibodies. Furthermore, the sequenc- 
ing and fractionation scheme used could also potentially 
influence immunologic responses, and this area is a focus 
of active investigation. 


m CONCLUSION 


It is becoming clear that the immune system plays a criti- 
cal role in managing and controlling multiple different 
tumor types. Harnessing the power of the immune system 
using immunotherapy is now recognized as a viable cancer 
treatment that can improve clinical outcomes and lead to 
durable responses. Although radiotherapy has tradition- 
ally been believed to be immunosuppressive, there is now 
a substantial body of preclinical evidence demonstrating 
that radiotherapy can induce antigen-specific antitumor 
immune responses and synergize with immunotherapy. 
Furthermore, these antitumor immune responses can 
act at distant sites outside the radiation field and help to 
improve distant tumor control, termed the abscopal effect. 
As immunotherapy is developed as a potential fourth pil- 
lar of cancer therapy along with surgery, chemotherapy, 
and radiation, further studies are required to understand 
how to best incorporate immunotherapy into current 
treatment paradigms especially with regard to radiation 
dose, fractionation, and timing. 
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E INTRODUCTION 


It is now recognized that evasion of an effective immune 
response is a hallmark of cancer (1). During the last decade, 
insights into the regulation of immune responses in malig- 
nancies have facilitated the emergence of novel immuno- 
therapeutic treatment approaches, ranging from activation 
of innate and adaptive immune responses to neutralizing 
inhibitory responses(2). Immunotherapy may induce 
tumor cell death with a relatively high degree of specific- 
ity unlike chemotherapy, which has a nonspecific action. 
Prostate cancer (PC) is an ideal target for immunotherapy 
because of its indolent nature, which allows adequate 
time to activate the immune system (3). Identification of 
PC tumor-associated antigens (TAA) such as prostate- 
specific antigen (PSA), prostatic acid phosphatase (PAP), 
prostate stem cell antigen (PSCA), and prostate-specific 
membrane antigen (PSMA) has provided ideal targets 
for immunotherapy as they are largely prostate specific 
and their expression is strongly upregulated in PC, both 
locally and at metastatic sites (4-6). Targeting these TAAs 
is usually not associated with significant morbidity and 
adverse events as the prostate is not an essential organ 
(7, 8). In addition, early detection of recurrent disease with 
the help of PSA allows use of immunotherapy in patients 
with minimal tumor burden (9). This chapter will review 
various approaches to immunotherapy in the setting of PC 
(overview in Table 19.4.2.1). 


E THERAPEUTIC CANCER VACCINES 


Dendritic Cell Vaccines 


Sipuleucel-T (APC8015; Provenge, Dendreon Inc.) was the 
first therapeutic cancer vaccine approved by the FDA (10). 
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Sipuleucel-T is an active autologous cellular immuno- 
therapy, manufactured specifically for individual patients 
by isolating the patient’s peripheral blood mononu- 
clear cells (PBMCs), including antigen presenting cells 
(APCs) and T cells by leukapheresis and culturing the 
freshly isolated PBMCs with a fusion protein PA2024 
composed of PAP linked to granulocyte-macrophage- 
colony stimulating factor (GM-CSF), an APC acti- 
vator. PAP was selected as a target antigen because 
it is overexpressed in more than 95% of PCs(11) 
and epitopes of PAP are recognized by CD8+ T cells 
(12,13). Upregulation of CD54 molecule occurs on the sur- 
face of APCs after the culture and it can be used as a marker 
to assess the maturation of APCs and hence theoretically 
the efficacy of sipuleucel-T (14), with clinical supporting 
evidence (10,15). Once infused, the activated APCs tend to 
activate PA P-specific CD4+ and CD8+T cells, which migrate 
to the tumor lesions and initiate an antitumor immune 
response (16). Based on the encouraging results of sipuleucel- 
T in phase I/II clinical trials, a phase II study randomized 
127 patients with minimally symptomatic castration- 
resistant prostate cancer (CRPC) 2:1 to receive sipuleucel-T 
or placebo. Although the study did not meet its primary 
endpoint of time to progression, a secondary endpoint of 
4.5 month improvement in overall survival was reported 
on long-term follow-up (25.9 months vs. 21.4 months; 
P=.01) (17). Toconfirmthese findings, a pivotal-randomized, 
placebo-controlled, multicenter phase IIT trial (IMPACT) 
randomized 512 patients with metastatic CRPC to 
sipuleucel-T or placebo with a primary end point of overall 
survival(10). Upon progression, subjects on the placebo 
arm could receive frozen product. A relative reduction of 
22% in the risk of death (hazard ratio 0.78 [0.61-0.98 CI]; 
P = .03) and a 4.1 month improvement in the median 
survival (25.8 months vs. 21.7 months) was demon- 
strated, without improvement in PRS was reported (10). 
Sipuleucel-T is generally well tolerated with low-grade infu- 
sion related toxicities (consistent with release of cytokines) 
such as fevers, rigors, chills, headache, and nausea. Based 
on a combination of demonstrated effective therapeutic 
results plus the theory of targeting lower volume disease 
and increasing efficacy in metastatic disease, a number of 
additional clinical trials are ongoing (Table 19.4.2.3). 
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Different immunotherapeutic approaches for prostate cancer 


Immunologic Approach 


Brief Description of Mechanism of Action 


Agent 


Therapeutic cancer vaccines 


Dendritic cell vaccine 


Autologous PBMCs (dendritic cells) cultured ex vivo 


Sipuleucel-T 


against PAP designed to activate T-cells to initiate 


antitumor response 


Viral vector vaccine 


Semi-heterologous prime-boost approach poxviral 


ProstVac-VF 


vaccine result in PSA-specific T-cell activation and 


tumor cell killing 


DNA-based vaccine PAP-specific CD4+ and CD8+ T-cell proliferation pI VG-HP 
leads to antitumor response 
Whole tumor cell vaccine Irradiated replication defective prostate cancer cell GVAX 
lines genetically modified to secrete GM-CSF 
which activate APCs and hence T-cells to produce 
antitumor response 
Peptide-based vaccine MUC-1 specific T-cell proliferation produces L-BLP25 
antitumor response 
Checkpoint inhibitors 
Anti-CTLA-4 monoclonal antibody Potentiation of T-cell-mediated antitumor response Ipilimumab 
with the blockade of CTLA-4 immune checkpoint 
Anti-PD-1 monoclonal antibody Potentiation of antitumor immune response with MDX-1106 
blockade of PD-1 immune checkpoint 
Monoclonal antibody—based immunotherapy 
Human monoclonal antibody as single mAb blockade of RANK ligand Denosumab 
agent 
Radioimmunotherapy mAb-directed targeting of beta-emitting radionuclides 177Lu-J591 
to PSMA-expressing cells 
Antibody-drug conjugate (ADC) mAb directed targeting of toxin to PSMA-expressing PSMA ADC 


cells 


Viral Vector Vaccines 


PSA-Tricom (ProstVac-VF™, developed by National 
Cancer Institute [NCI] and licensed to Bavarian Nordic, 
Washington, DC) is a PSA-directed viral vector vaccine. 
Viruses are selected as vectors because of several 
reasons: easy to engineer, can carry large amounts of genetic 
material, and there is good clinical experience with poxvi- 
rus vectors in worldwide eradication of small-pox, hence 
viral vectors can be safely administered without any risk 
of disruption of host DNA (18). The current vaccination 
regimen with ProstVac-VF consists of primary vaccina- 
tion with recombinant poxvirus (vaccinia) vector, which is 
then followed by multiple booster vaccination with fowl- 
pox vector, a semi-heterologous prime-boost approach (19). 


Once injected subcutaneously, the poxvirus vectors should 
infect epithelial cells, some of which undergo lysis, releasing 
the encoded antigens and other cellular debris, which are 
taken up by the nearby immature APCs. The APCs become 
activated and express the PSA peptide within the MHC and 
result in PSA-specific T-cell activation (19,20). The newer 
generation of poxviral vaccines incorporated transgenes 
for a triad of costimulatory molecules called TRICOM 
including B7.1, leukocyte function associated antigen-3 
(LFA-3), and intercellular adhesion molecule-1 (ICAM-1). 
Two randomized phase II trials have been carried out 
using the current version of vaccine in patients with meta- 
static CRPC (mCRPC) with monthly dosing of the vaccine 
until disease progression. The first study was a 125 patient 
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placebo-controlled multicenter trial. As seen with 
sipuleucel-T, with longer-term follow up, the trial reported 
an overall survival benefit with 25 (30%) of 82 patients 
alive versus 7 (17%) of 40 controls alive at 3 years. An 
improvement in the median survival of 8.5 months 
(25.1 months with PSA-TRICOM vs. 16.6 months with 
placebo; P = .0061) was also observed (21). This was sup- 
ported by a second study carried out by the NCI in 32 
patients reporting a median survival of 26.6 months (22). 
Based on the promising results from these trials, a phase 
III study is underway (Table 19.4.2.3). 

Encouraging evidence of enhanced antitumor response 
in various clinical models led to various clinical trials 
with DNA vaccines, including early phase clinical trials 
with pVAX/PSA DNA vaccine with GM-CSF and IL-2 
adjuvants (23) and pIVG-HP plasmid DNA with 
GM-CSF (24). Based on the latter, a randomized phase II 
study has complete recruitment with final results pending 
(Table 19.4.2.3). 


Whole Tumor Cell Vaccines 


Initially, whole tumor cell vaccines were produced using the 
patient’s own autologous tumor cells as they contained the 
patient-specific TAAs, so it precluded the need for antigen 
preselection. But this method presented with a number of 
difficulties—labor intensive, required a significant amount 
of patient tumor tissue, dilution of TAAs by other normal 
cellular components of tumor cells, and lack of standard- 
ization making measurement of vaccine-specific immune 
responses difficult (25-27). Therefore, because of the above 
reasons allogeneic tumor cell lines from various tumors, 
which are faster and easier to prepare, were used to pro- 
duce whole tumor cell vaccines. GVAX (Cell Genesys, Inc) 
is a whole tumor cell vaccine consisting of two allogeneic 
PC cell lines (LNCaP and PC-3), which are irradiated to 
make them replication defective and genetically modified to 
produce GM-CSF (26,28, 29). Initial studies demonstrated 
safety with interesting potential immunotherapeutic ben- 
efit(26, 30), leading to two multicenter, randomized, con- 
trolled phase III trials, VITAL-1 and VITAL-2. VITAL-1 
compared GVAX with docetaxel and prednisone in asymp- 
tomatic metastatic CRPC and VITAL-2 compared GVAX 
combined with docetaxel versus docetaxel and prednisone 
in symptomatic mCRPC. Unfortunately, both studies were 
essentially negative, but the approach of whole tumor vac- 
cine remains of interest. 


Peptide-Based Vaccines 


Peptide vaccines consist of peptide antigens with appro- 
priate HLA-restricted amino acid sequence. They are 
often combined with various adjuvants and cytokines to 
increase their immunogenicity, and substitution of amino 
acids may be performed to enhance the binding of tumor 
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antigen epitopes with the MHC molecules (31). E75, an 
immunogenic HLA-A2-restricted peptide derived from 
the HER-2/neu protein demonstrated safety in high-risk 
PC patients in a phase I study (32) and is currently being 
used in a phase II study. L-BLP25, another peptide vac- 
cine targeting exposed core peptides of MUC1 TAA has 
been used in 16 patients with PSA recurrence following 
radical prostatectomy and demonstrated MUC1-specific 
proliferative T-cell responses with a favorable alteration 
of PSA kinetics in six patients (33). MKC1106-PP is a vac- 
cine composed of plasmid and peptide fragments of pref- 
erentially expressed antigen in melanoma (PRAME) and 
PSMA that demonstrated immune response in 15 of 24 
evaluable subjects and stable disease with PSA decline in 
some of the subjects with PC (34). 


E IMMUNE CHECKPOINT BLOCKADE 


Activation of T-cells require two simultaneous but inde- 
pendent signals: interaction between antigen and MHC 
on the APC plus a costimulatory molecule from the inter- 
action of B7.1 (CD80) and B7.2 (CD86) present on the 
surface of APCs with the receptor CD28 present on T-cells 
(35-39). CTLA-4 is a protein homologue of CD28 that 
binds with B7 ligands with 50- to 200-fold higher affin- 
ity and negatively regulates T-cell responses, inhibiting 
recognition of self-antigens by T-cells and truncating the 
antitumor immune response (36, 39-41). In addition, there 
are various accessory positive—OX-40 (CD134) (42, 43), 
4-1BB (CD137) (44), and inducible costimulator (37)—and 
negative—PD-1, B7-H3, or B7X(39) coregulators—that 
ultimately govern the fate of activated T-cells. Ipilimumab 
(MDX-010, Bristol Myers Squibb), a fully human anti- 
CTLA-4 monoclonal antibody, was approved by the FDA 
for advanced melanoma in early 2011 (45). Early studies of 
ipilimumab in PC yielded PSA declines as well as objective 
clinical responses (46,47). Based on these findings, two 
randomized phase III trials of ipilimumab have completed 
accrual in mCRPC (Table 19.4.2.2). The initially reported 
study included men with progressive mCRPC following 
docetaxel. Subjects received a single fraction (8 Gy) of 
radiation to a site of bone metastasis followed by induc- 
tion, then maintenance ipilimumab or placebo with the 
primary endpoint of overall survival. Ipilimumab demon- 
strated a strong trend for survival benefit, but the study 
was negative overall with a hazard ratio for death of .85 
[95% confidence interval .72 — 1.00, P = .053] (96). An 
interesting subset analysis revealed that men without 
visceral metastases had a survival benefit, leading to the 
hypothesis that men in the chemo-naive phase III study 
may have a benefit from ipilimumab. In addition, sev- 
eral trials are focused on combining this agent with other 
therapies or using this agent in patients with an earlier 
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E Table 19.4.2.2 Selected completed clinical trials with immunotherapy in prostate cancer patients 


Agent 
Sipuleucel-T 


Sipuleucel-T 


Denosumab 


Denosumab 


Denosumab 


ProstVac-VF 


pI VG-HP 


GVAX 


GVAX 


Ipilimumab 


Clinical Trial Phase 


Ill 


Ill 


Ill 


Ill 


Ill 


II 


I/Ila 


Ill 


Ill 


I/II 


Design of Trial (Ref.) 


Randomized, 
placebo-controlled 
trial of sipuleucel-T vs. 
placebo in asymptomatic 
mCRPC (D9901) (17) 


Randomized, 
placebo-controlled 
trial of sipuleucel-T vs. 
placebo in asymptomatic 
mCRPC (IMPACT) (10) 


Randomized, double-blind 
trial of denosumab vs. 
placebo in men receiving 
androgen deprivation 
therapy (62) 


Randomized, double-blind 
study of denosumab 
vs. zoledronic acid 
for treatment of bone 
metastasis in men with 


mCRPC (63) 


Randomized, double-blind, 
placebo-controlled study 
of denosumab in men 
with nonmetastatic 


CRPC (64) 


Randomized, controlled 
trial of ProstVac-VF in 
mCRPC (21) 


Dose-escalation trial with 
PAP encoding DNA 
vaccine in DO prostate 
cancer (24) 


Randomized, open 
label trial of GVAX 
vs. docetaxel in 
asymptomatic mCRPC 
(VITAL-1) (93) 


Randomized, open 
label trial of GVAX 
combined with docetaxel 
vs. docetaxel in 
symptomatic mCRPC 
(VITAL-2) (94) 


Open-label, multicenter 
trial of ipilimumab alone 
or in combination with 
radiotherapy in 
mCRPC (95) 


Number of Subjects 
127 


512 


1468 


1904 


1432 


125 


22 


621 


114 (600 planned) 


50 


Results 


Primary end point (TTP) 
not met, but secondary 
endpoint of improvement 
in overall survival 
demonstrated 


Primary end point of 
OS met with 4.1 mon 
improvement in median 
survival and 22% 
reduction in the risk of 
death 


Increased bone mineral 
density at all sites 
and a reduction in 
the incidence of new 
vertebral fractures 


Denosumab superior to 
zoledronic acid for 
prevention of skeletal- 
related events 


Targeting of the bone 
microenvironment can 
delay bone metastasis in 
men with CRPC. 


Primary endpoint of PFS 
not met, but 8.5 mon 
improvement in median 
OS demonstrated 


Increased PSA doubling 
time from a median 
6.5 mon pretreatment to 
8.5 mon on-treatment 


Unplanned interim analysis 
showed trial futility 


Planned interim analysis 
showed higher mortality 
in combined treatment 


group 


> 50% PSA declines 
and objective tumor 
responses reported 
in eight subjects with 
manageable adverse 
events 


(continued) 
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Agent Clinical Trial Phase Design of Trial (Ref.) Number of Subjects Results 
Ipilimumab Il Randomized, placebo- 800 Negative for OS, but with 
controlled trial strong trend: HR .85 
comparing low-dose [95% CI .72 — 1.00, 
radiation ipilimumab P = .053]. Hypothesis 
or placebo in mCRPC generating subset analysis 
previously treated demonstrated OS benefit 
with docetaxel for men without visceral 
chemotherapy (96) metastases. 
177Lu-J591 II Single dose trial of 7Lu- 47 PSA declines, CTC 
J591 in mCRPC (85) count declines, and 
dose response seen 
with excellent tumor 
targeting and reversible 
hematologic toxicity 
PSMA ADC I Dose escalation study of 52 Reductions in PSA or 
PSMA ADC in taxane- CTCs, particularly at 


refractory mCRPC (92) 


stage of disease (48-50). It is noteworthy that blockade 
of this critical immune checkpoint also resulted in a sig- 
nificant incidence (25%-35%) of clinically important 
immune-related toxicities, including colitis, neutropenia, 
dermatitis, pneumonitis, and a variety of endocrine 
disorders such as hypothyroidism and hypophysitis that 
may be severe, but are usually controllable when 
recognized early (51, 52). 

Programmed cell death-1 (PD-1) is another immuno- 
logical checkpoint that has recently been evaluated clini- 
cally in various clinical trials. PD-1 interacts with its ligand 
B7-H1 (PD-L1) and leads to inhibition of T-cell func- 
tion (53-55). PD-1 blockade has been shown to potentiate 
antitumor immune response in various animal studies 
(56-58), which led to human clinical trials. To study the 
safety, clinical activity, pharmacodynamics, and immu- 
nologic correlates, two clinical trials have been completed 
with anti-PD-1 monoclonal antibodies in patients with dif- 
ferent cancers including PC (59,60). Anti-PD-1 seems to be 
well tolerated with rare but potentially fatal pneumonitis. 


E MONOCLONAL ANTIBODY-BASED 
IMMUNOTHERAPY 


In 1975, Milstein and Kohler developed a method for 
isolating monoclonal antibodies (mAb) from hybridoma 
cells, leading to an intense interest. Through developments 
in de-immunization of mouse mAb to fully human mAb, 
many mAb have been approved in oncology. mAb bind to 
specific antigens and produce therapeutic response in one 
or more of the following ways: (a) antibody-dependent 
cellular cytotoxicity (ADCC) and complement depen- 
dent cytotoxicity (CDC), (b) blocking the activation sig- 
nal (targeted therapy), (c) enhancing the development of 


higher doses 


active antitumor immune response or altering cytokine 
milieu (immunotherapy), and (d) signaling mediated by 
cross-linking tumor antigen that leads to cell death (61). 
The mAb may also be conjugated to act as vehicles to 
deliver the substances to specific cells based on antigen 
specificity. 

Denosumab is a fully human monoclonal antibody 
against RANK-ligand and is the first mAb approved for PC 
indications. In an initial phase II study of low-dose deno- 
sumab (60 mg every six months), denosumab was superior 
to placebo in increasing bone density in men with nonmeta- 
static PC on androgen deprivation therapy (ADT) and also 
decreased fracture rate (62). In a phase III trial of patients 
with metastatic CRPC to bone, high-dose denosumab 
(120 mg every four weeks) was superior to zoledronic 
acid in delaying time to skeletal-related events (63). 
Interestingly, denosumab also significantly increased 
bone-metastasis-free survival in men with nonmetastatic 
CRPC, but based upon risk:benefit ratio and lack of over- 
all survival difference, it was not approved by the FDA for 
this indication (64). 

In addition to the mAbs discussed in sections above, 
additional mAbs have been investigated in human clini- 
cal trials. Bevacizumab, a mAb against vascular endo- 
thelial growth factor (VEGF), is built upon interesting 
correlative data and has been tested in combination with 
docetaxel chemotherapy in men with metastatic CRPC by 
CALGB investigators. Though an improvement in PFS and 
response rate was demonstrated, the primary endpoint of 
OS was negative (65). Several studies have demonstrated 
the association of IL-6 and PC outcome. Siltuximab is 
an anti-IL-6 mAb, which has been tested in three trials 
in PC. A phase I study of siltuximab in combination with 
docetaxel was tolerated with preliminary evidence of effi- 
cacy (66) but a phase II trial of single-agent siltuximab 
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and a randomized trial of mitoxantrone with or without 
siltuximab did not meet their primary endpoints (67). 
Additional mAb have also been studied in PC (68-72). 
One mAb (J591), which has been in human clinical trials 
the longest, is discussed below. 


m PROSTATE-SPECIFIC MEMBRANE 
ANTIGEN (PSMA) TARGETED- 
MONOCLONAL ANTIBODIES 


As an example of mAbs with a PC-specific target that 
have been studied in several different modalities, we will 
discuss the clinical development of anti-PSMA mAbs, 
including the J591 mAb. PSMA is a highly specific pros- 
tate epithelial cell membrane antigen that is present on 
most PC cells, with increased expression with higher 
grade and hormonal therapy (4, 73-79). PSMA represents 
an ideal target for mAb therapy as it is an integral cell- 
surface membrane protein and not a secretory protein 
like other prostate TAAs, such as PSA and PAP, and rapid 
internalization of the PSMA-antibody complex occurs. 
J591 is the first IgG anti-PSMA mAb developed for use 
in PC and it has been deimmunized (humanized) to allow 
for repeated dosing in patients; targeting (with trace- 
labeled '"In-J591), safety, and induction of ADCC have 
been demonstrated (80, 81). In addition to initial single- 
agent use, J591 has been combined with low-dose IL-2. 
In a limited study, 17 men with recurrent PC received 
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weekly infusions with J591 plus IL-2 subcutaneously (82). 
The regimen was generally well tolerated with a trend for 
those with NK cell expansion and in those with stable dis- 
ease on treatment. 

Because of the specificity of mAbs, they may be 
utilized as targeting agents for therapy or imaging. 
Radioimmunotherapy, the labeling of mAbs with radio- 
nuclides, has successfully been employed in lymphoma, 
and has been tested in PC using J591 and other mAbs. 
Phase I studies of radiolabeled J591 using !77Lu and *°Y 
provided safety and dosing data, with reversible myelo- 
suppression as the dose-limiting toxicity (as expected 
with radioimmunotherapy) (83, 84). A phase II trial with 
a single dose infusion of '77Lu in 47 men with meta- 
static CRPC confirmed efficacy, with PSA declines, cir- 
culating tumor cell count declines, and a dose-response 
relationship demonstrated (85). Myelosuppression was 
reported to a significant degree, but grade 4 thrombocy- 
topenia and neutropenia was predictable and reversible. 
Additional studies of radiolabelled J591 are ongoing, 
including studies of dose fractionation and combination 
with docetaxel chemotherapy (86-88). An interesting 
Department of Defense-sponsored randomized phase II 
study is investigating the concept of salvage radioimmu- 
notherapy in men with nonmetastatic CRPC with a ris- 
ing PSA, utilizing the targeting ability of J591 with the 
physical properties of "Lu suited for micrometastatic 
disease (Table 19.4.2.3) (86, 89). 


E Table 19.4.2.3 Selected ongoing clinical trials with immunotherapy in prostate cancer patients 


Agent Clinical Trial Phase Design of Trial Planned Enrollment Purpose 

Sipuleucel-T II Randomized, open label 60 Plans to assess safety and 
trial of sipuleucel-T with cumulative sipuleucel-T 
concurrent vs. sequential CD54 upregulation 
administration 
of abiraterone 
acetate in mCRPC 
(NCT01487863) 

ProstVac-VF II Randomized trial of 144 Primary endpoint is to 
docetaxel with or compare the median 
without PSA-TRICOM overall survival 
vaccine in mCRPC 
(NCT01145508) 

ProstVac-VF II Randomized trial 65 To compare time to 
combining ProstVac-VF treatment failure in the 
and Flutamide vs. two groups 
Flutamide alone in 
nonmetastatic CRPC 
(NCT00450463) 

ProstVac-VF Ill Randomized, double- 1200 To determine whether 


blind, efficacy trial 
of ProstVac-VF +/- 
GM-CSF in mCRPC 
(NCT01322490) 


ProstVac alone or in 
combination with 
GM-CSF is effective 
in prolonging overall 
survival 


(continued) 
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E Table 19.4.2.3 Selected ongoing clinical trials with immunotherapy in prostate cancer patients (continued) 
Agent Clinical Trial Phase Design of Trial Planned Enrollment Purpose 
pI VG-HP II Pilot randomized two- 34 Intends to find out the 
arm study of a DNA safety and dosing 
vaccine encoding PAP schedule of vaccine, 
in nonmetastatic CRPC generation of long-lived 
(NCT00849121) immune responses, and 
prolongation of PSA 
doubling time 
Ipilimumab Il Randomized, double- 600 Aims to compare the overall 
blind trial of survival 
ipilimumab vs. placebo 
in asymptomatic or 
minimally symptomatic 
chemotherapy- 
naive mCRPC 
(NCT01057810) 
"7 u-J591 II Randomized trial of 7Lu- 140 To assess PSA response rate 


J591 and ketoconazole 
in patients with high-risk 
castrate biochemically 
relapsed prostate cancer 


and proportion free of 
radiographically evident 
metastasis at the end of 
18 mon 


after local therapy 


(NCT00859781) 


Targeted therapy to PC cells can also be delivered 
using antibody-drug conjugates (ADC). MLN2704 and 
PSMA ADC are examples of ADCs that have been eval- 
uated clinically in PC patients. The initial generation of 
PSMA-directed ADCs (MLN2704) consisted of may- 
tansinoid 1 (DM1), potent microtubule-depolymerizing 
compound, conjugated to J591 (90). Demonstration of 
activity in preclinical study led to phase I dose escalation 
(n = 23) and a subsequent multicenter phase I/II study 
(n = 62) with MLN2704 (90,91). However, treatment 
was limited by toxicity due to disassociation of DM1 
from the mAb, stressing the need for new and impro- 
vised linkers to J591 with enhanced tumor targeting. 
More recently, with an improvement in linker tech- 
nology, safety and preliminary activity has been dem- 
onstrated with PSMA ADC, fully human antibody to 
PSMA linked to microtubule disrupting agent mono- 
methyl auristatin E (MMAF). Preclinical success led toa 
phase I dose escalation study of PSMA ADC in taxane- 
refractory mCRPC, in which 52 patients received esca- 
lating doses demonstrating general safety and some PSA 
declines, leading to a large multicenter phase II study 
(Table 19.4.2.3) (92). 


m CONCLUSION 


In summary, it is now recognized that the immune system 
plays an important part in the development and control 
of cancer. The specificity and potential durability of 


response makes immunotherapy in oncology quite prom- 
ising. PC is associated with many favorable properties for 
immunotherapy and the first therapeutic cancer vaccine 
to be approved by the FDA was for men with metastatic 
castration-resistant PC. In addition to vaccines (dendritic 
cell, viral vectors, tumor cell vaccines, DNA, and peptide- 
based), blockade of checkpoint inhibitors and monoclonal 
antibody-based therapy are attractive in PC, and several 
late-stage clinical trials are completed or underway. 
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E INTRODUCTION 


An astute clinician cannot neglect the impact of osseous 
complications on the morbidity of patients with metastatic 
prostate cancer. Bone is the predominant metastatic site 
for most patients, and nearly all patients develop osse- 
ous metastases during the course of the disease (1, 2). 
Furthermore, bone metastases have significant clinical 
consequences such as severe and intractable bone pain. 
Spinal metastases with cord compression may result in 
paralysis and/or incontinence. The poor quality of bone 
associated with osteoblastic prostate cancer metastases 
is at risk for pathologic fracture. These skeletal-related 
events are estimated to affect half of patients with bone 
metastases and are associated with poorer survival (2, 3). 
Bone metastases can negatively affect hematopoiesis and 
calcium balance. Clearly, complications from bone metas- 
tases (especially pain, spinal cord compression, and patho- 
logic fracture) have the potential to dramatically affect 
functional ability and quality of life. 

The management of complications from bone metas- 
tases can include analgesic management, radiation, and, 
occasionally, surgery (4). Analgesia (systemic and regional) 
and radiation can be effective in treating cancer-related 
pain. Spinal cord compression and pathologic fractures 
may be managed with surgery and/or radiation therapy. 
This care can be financially costly. The estimated cost to 
treat a skeletal-related event is between US$5,000 and 
US$10,000 (5, 6), while the total financial burden of caring 
for prostate cancer patients with metastatic bone disease 
has been estimated at US$1.9 billion(7). Furthermore, 
treatment of skeletal-related events with surgery, radiation, 
or analgesic management may not completely reverse pain 
and debility that has already occurred. The primary role 
of bone resorption inhibitors is to prevent skeletal-related 
events and their associated morbidity. This chapter focuses 
on the use of bone resorption inhibitors in the manage- 
ment of prostatic osseous metastases. 


Treatment of Bony 
Metastases: Inhibitors of Bone 
Resorption 


E UNDERSTANDING THE 
PATHOPHYSIOLOGY OF SKELETAL- 
RELATED EVENTS IN PROSTATE 
CANCER 


Bone resorption and formation continuously remodel 
normal bone throughout life (8). Bone remodeling allows 
bone to adjust to mechanical stress, repair damage to 
bone, and regulate calcium homeostasis. Bone formation 
and bone resorption are carried out by osteoblasts and 
osteoclasts, respectively (Figure 19.5.1). Osteoblasts are 
mononucleate cells with typically basophilic cytoplasm. 
These cells, essentially specialized fibroblasts, differen- 
tiate from multipotent stromal progenitor cells. When 
activated, mature osteoblasts initiate bone formation by 
producing an extracellular protein matrix called osteoid. 
Osteoid is composed primarily of cross-linked type I col- 
lagen. Formation of this collagen matrix requires cleavage 
of amino- and carboxy-terminal propeptides from procol- 
lagen. Finally, osteoblasts mineralize osteoid by the depo- 
sition of hydroxyapatite, a calcium phosphate mineral 
[Caj9(PO,4),(OH),]. Bone mineralization is dependent on 
osteoblast alkaline phosphatase (9), as well as on sufficient 
quantities of calcium and phosphate. 

In contrast to bone-forming osteoblasts, osteoclasts are 
the cells responsible for bone lysis and resorption. Osteoclasts 
are multinucleated giant cells derived from precursor cells 
in the monocyte-macrophage lineage. Upon activation, 
osteoclasts resorb bone through the digestion of calcified 
bone matrix, ultimately releasing calcium and other matrix 
degradation products to the bloodstream. Many of these 
degradation products are collagen derivatives. For example, 
cross-linked typeIcollagendegradation productssuchasNTX 
(N-terminal telopeptide) and CTX (C-terminal telopeptide) 
are two commonly measured markers of bone resorption 
(Figure 19.5.2). Osteoclasts are located within resorption 
pits in the bone surface, which contact the ruffled membrane 
of the activated osteoclast. Multiple cytoplasmic vacuoles 
and vesicles are present within the osteoclast, responsible 
for delivery of matrix degradation enzymes and transport 
of bone degradation products. These vesicles and vacuoles 
lend a foamy appearance to the characteristically eosino- 
philic cytoplasm. 
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FIGURE 19.5.1 Bone remodeling by osteoclasts and osteoblasts. 
Osteoclasts are multinucleated giant cells derived from precursor 
cells in the monocyte-macrophage lineage. Osteoclasts are located 
within resorption pits in the bone surface, which contact the ruffled 
membrane of the activated osteoclast. Upon activation, osteoclasts 
are responsible for bone resorption through the digestion of calcified 
bone matrix, releasing calcium to the bloodstream. Osteoblasts dif- 
ferentiate from multipotent stromal cells and are responsible for bone 
formation. Activated osteoblasts synthesize a fibrous matrix that is 
primarily type | collagen. Osteoblasts also control the mineralization 
of this matrix by the deposition of hydroxyapatite (Ca,9(PO,)6(OH).), 
depending on the availability of sufficient calcium and phosphate. 


type | collagen 


FIGURE 19.5.2 Cross-linked collagen degradation products are 
markers of bone resorption. Strands of collagen are cross-linked dur- 
ing bone formation. During resorption of mature bone, proteolytic 
cleavage releases peptide degradation products, which can be mea- 
sured in the blood and urine. Cross-linked amino-terminal (NTX) and 
carboxy-terminal telopeptides (CTX) are commonly used markers of 
bone resorption in clinical trials. 
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Prostate cancer is classically associated with 
osteoblastic metastases, which appear sclerotic on bone 
radiographs (Figure 19.5.3). Molecular interactions 
between prostate cancer cells and the bone microenvi- 
ronment preferentially promote migration, attachment, 
and proliferation in the bone metastatic niche (10). Bone 
immediately adjacent to prostate cancer metastases is 
associated with increased osteoid formation and miner- 
alization(11,12), leading to the sclerotic appearance on 
radiographs. The mechanisms underlying osteoblastic 
metastases are presumed to be related to the secretion 
of osteogenic factors such as endothelin-1 (13). Despite 
increased mineralization, osteoblastic metastases remain at 
risk for pathologic fracture because of the inferior quality 
of bone associated with metastatic lesions. Mature lamel- 
lar bone is produced slowly and is characterized by tightly 
packed linear collagen strands. In contrast, the osteoid 
produced by osteoblasts in prostate cancer metastases is 
characterized by randomly oriented collagen fibrils (11), or 
so-called woven bone (Figure 19.5.4). Woven bone has lower 
collagen density and poor structural integrity in compari- 
son to lamellar bone. The weakness of woven bone, in 
combination with the resorption of mature lamellar bone 
described below, explains the propensity for even osteo- 
blastic metastases to fracture. Overall, fractures account 
for up to half of skeletal-related events in patients with 
prostate cancer and the majority of these are nonvertebral 
fractures (14, 15). 

The role of bone resorption inhibitors may initially 
seem to be unclear in the context of the osteoblastic 


FIGURE 19.5.3 Osteoblastic metastases from prostate cancer. Plain radiographs of the humerus and femur demonstrate diffuse and 
patchy osseous blastic metastases involving the proximal to mid-humerus and femurs. Additional lesions can be seen in the ribs and pelvis. 
Unlike lytic bone lesions, which are radiolucent, osteoblastic metastases have a dense sclerotic appearance that is radiopaque. 
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FIGURE 19.5.4 Collagen fibrils of woven bone. Unlike the linearly organized collagen fibrils of lamellar bone, 
the woven bone associated with osteoblastic metastases have randomly oriented collagen fibrils, which lack struc- 
tural integrity. Source: From Robert M. Hunt, public domain. 


appearance of prostate cancer bone lesions. However, 
several lines of evidence have established that prostate 
cancer perturbs the process of bone resorption and bone 
formation (reviewed in 16). Markers of bone resorp- 
tion, such as cross-linked type I collagen degrada- 
tion products, are increased in prostate cancer (17-20). 
Furthermore, biochemical measures of bone resorp- 
tion correlate with clinically relevant prostate cancer 
outcomes such as extent of skeletal metastases, risk 
of skeletal-related events, and survival (reviewed in 
21,22). Careful histologic examination also reveals evi- 
dence of bone resorption in the bone in prostate cancer 
patients (11, 17,23). In fact, inhibition of bone resorption 
can in some circumstances prevent the establishment of 
bone metastases in preclinical prostate cancer models (24). 
The importance of bone resorption in the pathophysiology 
of osteoblastic prostatic metastases underlies the clinical 
relevance of bone resorption inhibitors in the management 
of prostate cancer patients. 

The processes of bone formation and bone resorp- 
tion are associated with specific biochemical molecules 
that can be used as surrogate measures of bone turn- 
over (reviewed in 25,26). Markers of bone turnover are 
primarily related to the synthesis and degradation of bone 
mineral and collagen. As described above, bone synthesis 
by osteoblasts involves bone-specific alkaline phosphatase 


and processing of procollagen. As such, bone-specific 
alkaline phosphatase, the amino-terminal (PINP), and the 
carboxy-terminal propeptides of type I collagen (PICP) 
are typical markers of bone formation. Similarly, osteo- 
clast enzymes such as tartrate-resistant acid phosphatase 
and cross-linked collagen degradation products are used 
as markers of bone resorption. 

Markers of both bone resorption and bone forma- 
tion correlate with clinical endpoints in prostate cancer 
patients. Total alkaline phosphatase levels, the most 
widely used clinical marker, predict survival in patients 
with metastatic prostate cancer(27,28). Elevated lev- 
els of bone-specific alkaline phosphatase and urinary 
cross-linked type I collagen N-telopeptide correlate 
with the risk of developing a skeletal-related event, time 
to first skeletal-related event, progression in bone, and 
death (15,29-32). Markers of bone turnover also respond 
to the initiation of bone resorption inhibitors (33) and may 
distinguish bone from other sites of metastatic disease. 
To date, the measurement of most bone turnover mark- 
ers has not entered general clinical practice but shows 
promise for predicting and monitoring the treatment of 
skeletal-related events in prostate cancer. 

Clinical attributes also correlate with an increased risk 
of developing a skeletal-related event in patients with pros- 
tate cancer. Skeletal-related events are much more likely 
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to occur after the development of castrate-resistant 
disease (19, 34). For patients with metastatic prostatecancer, 
the presence of bone pain and a greater extent of disease in 
bone predict the occurrence of skeletal-related events (34). 
Prostate-specific antigen (PSA) and Gleason score did not 
correlate with the circumstance of skeletal-related events 
in these studies. Among men without evidence of bone 
metastases, a study of 331 patients with castrate-resistant 
nonmetastatic prostate cancer demonstrated that baseline 
PSA levels and PSA kinetics are associated with time to 
first bone metastasis (29), confirming results of a previ- 
ous study (35). The median time to first bone metastasis 
for patients with nonmetastatic castrate-resistant prostate 
cancer was reported to be 25 months and 30 months in 
these studies (29, 35), respectively. 

Several other features of the prostate cancer popula- 
tion increase the risk of skeletal complications, primar- 
ily by decreasing bone mineralization. Prostate cancer is 
typically a disease of older men, with a peak incidence in 
the sixth and seventh decades of life and mortality rates 
that continue to rise with advancing age (36). Androgen 
deprivation, although a highly effective first-line therapy 
for prostate cancer, has a negative impact on bone integ- 
rity (37,38). Androgen deprivation therapy may continue 
for years, particularly when started early in patients with 
high-risk localized disease or in the setting of biochemical 
recurrence (39). Fracture rates increase with a longer dura- 
tion of androgen deprivation (40). Once patients develop 
metastatic disease, treatment regimens often include glu- 
cocorticoids, either for therapeutic intent or to counter- 
act the glucocorticoid deficiency associated with certain 
androgen synthesis inhibitors (41-44). Advanced age, the 
use of hormonal therapy, and the use of glucocorticoids 
all decrease bone mineralization and increase the fracture 
risk in men with prostate cancer (45). 

The molecular elements that regulate osteoclast and 
osteoblast function have provided important targets for 
the treatment of patients with bone metastases (reviewed 
in 10, 46). The central element that balances the processes 
of bone formation and resorption is the receptor activa- 
tor of nuclear factor kappa-B ligand (RANKL) signaling 
pathway (Figure 19.5.5). RANKL, the key mediator of 
osteoclastogenesis, is expressed by osteoblast precursors 
and stromal cells. Soluble and membrane-bound forms of 
RANKL bind to the receptor activator of nuclear-factor 
kappa-B (RANK) on osteoclasts and osteoclast precur- 
sors to promote osteoclast differentiation, activation, 
and survival. RANKL can also interact with osteoprote- 
gerin, a soluble decoy receptor that inhibits RANK signal- 
ing. Osteoprotegerin thus protects the bone from excess 
resorption (24,47). The balance between bone resorption 
and formation is determined primarily by the ratio of 
osteoprotegerin to RANKL. Systemic factors that impact 
this balance include parathyroid hormone, vitamin D, 
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glucocorticoids, and sex steroids; additional local growth 
factors secreted by tumor and stromal cells such as plate- 
let-derived growth factor, fibroblast growth factor, bone 
morphogenetic proteins, insulin-like growth factor, and 
transforming growth factor-beta also influence osteo- 
blast/osteoblast maturation and function. 

Clinically, the most important bone-targeting thera- 
pies are osteoclast inhibitors, namely bisphosphonates 
and denosumab. Although osteoblasts seem to play a 
large role in the pathogenesis of bone metastases from 
prostate cancer, data from randomized controlled trials 
with osteoblast inhibitors have been negative to date 
(48-50). Bisphosphonates derive their clinical activity 
from their chemical similarity to pyrophosphate (reviewed 
in 51). As pyrophosphate analogues, bisphosphonates 
bind hydroxyapatite and accumulate in bone where they 
inhibit osteoclast activity. When bisphosphonates are 
incorporated into bone matrix, they are not released until 
the bone is resorbed, resulting in an extremely long half- 
life. Zoledronic acid is the most potent inhibitor of bone 
resorption among the bisphosphonates (by one to four 
orders of magnitude). In contrast, denosumab, a mono- 
clonal antibody against RANKL, is a bone resorption 
inhibitor that acts in a similar fashion to osteoprotegerin. 
Binding and neutralization of RANKL by denosumab 
inhibits RANKL-mediated osteoclast formation, func- 
tion, and survival. Both zoledronic acid and denosumab 
have been shown to have clinical benefits for patients with 
prostate cancer and will be further discussed. 


m CLINICAL BENEFITS OF BONE 
RESORPTION INHIBITORS 


Antiresorption Agents to Treat Osseous 
Metastatic Disease 


Studies of zoledronic acid were the first to show that inhi- 
bition of bone resorption improved outcomes in patients 
with bone metastases from prostate cancer. As a result, 
zoledronic acid was the first bone resorption inhibitor 
approved by the Food and Drug Administration (FDA) for 
the prevention of skeletal-related events in prostate cancer. 
This approval was based on the results of a randomized 
controlled trial of 643 patients comparing zoledronic acid 
with placebo (14,52). Initially, two doses of zoledronic 
acid (4 mg and 8 mg intravenously over 5 minutes every 
21 days) were studied. However, concerns regarding neph- 
rotoxicity led to a lengthening of the infusion time from 
5 minutes to 15 minutes and a reduction of the 8 mg dose to 
4 mg. Patients were treated for 15 months with an optional 
9-month extension. Conclusions regarding efficacy were 
drawn from comparing the 4 mg zoledronic acid with the 
placebo group. The primary outcome was the propor- 
tion of patients with at least one skeletal-related event. 
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FIGURE 19.5.5 Receptor activator of nuclear factor kappa-B (RANK) and receptor activator of nuclear factor kappa-B ligand (RANKL) 
signaling. RANKL is expressed by osteoblasts and stromal cells. RANKL binds RANK on osteoclasts and osteoclast precursors, promoting 
osteoclast differentiation, activation, and survival. Osteoprotegerin (OPG), a soluble decoy receptor, inhibits the interaction between RANK 
and RANKL, thus protecting the bone from excess resorption. Denosumab, a monoclonal antibody against RANKL, is a bone resorption 
inhibitor that acts in a similar fashion to OPG. In contrast, bisphosphonates (BP) bind hydroxyapatite, accumulate in bone, and inhibit 


osteoclast activity there. 


The group receiving zoledronic acid had a lower incidence 
of skeletal-related events compared with placebo (33.2% 
vs. 44.2%; P = .021) in the initial analysis (14), with the 
benefit persisting in the extended follow-up (38% vs. 49%, 
P = .028) (52). In addition, the administration of zoledronic 
acid delayed the onset of the first skeletal-related event 
(488 days vs. 321 days, P = .009) and the proportion of 
patients with symptomatic skeletal-related events (30% 
vs. 41%, P = .019). Zoledronic acid improved outcomes 
in patients both with and without prior skeletal-related 
events. The benefit continued during the extension period, 
with 19% in the zoledronic acid group versus 38% of 
patients in the placebo group experiencing at least one 
skeletal-related event during 15 months through 


24 months (P = .017). Zoledronic acid did not impact time 
to progression or overall survival. 

Zoledronic acid also exerted positive effects on pain 
and markers of bone turnover. Compared to placebo, treat- 
ment of patients with castrate-resistant prostate cancer with 
zoledronic acid reduces pain from bone metastatic disease 
as measured by the Brief Pain Inventory pain score (52, 53). 
Measures of bone resorption and bone formation were eval- 
uated, including N-telopeptide, bone-specific type I colla- 
gen cross-links, and alkaline phosphatase. At 15 months, 
markers of bone turnover were lower in patients treated 
with zoledronic acid compared to placebo. The urinary 
N-telopeptide to creatinine ratio (a bone resorption marker) 
declined 70% after 1 month and remained suppressed. 
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Similarly, serum bone alkaline phosphatase, an osteoblast 
marker, remained significantly lower in patients receiving 
zoledronic acid compared to placebo. 

Other than nephrotoxicity observed in the 8-mg zole- 
dronic acid group, side effects reported in this study were 
generally mild and not significantly different between the 
zoledronic and placebo groups. Grade 3 nephrotoxicity 
was observed at a rate of 2% to 3% in the zoledronic acid 
group compared to 1% in the placebo group. Compared 
to placebo, the relative risk of renal function deteriora- 
tion was 1.07 in the 4-mg group and 1.76 in the 8-mg 
group. The 8-mg zoledronic acid dose is not recommended 
for this reason. Bone pain was less common in the 4-mg 
zoledronic acid group (50.5% vs. 61.1%) compared to 
placebo, consistent with the ability of zoledronic acid to 
reduce pain from bone metastases (53). Fatigue, anemia, 
myalgia, fever, edema, and dizziness were slightly higher 
in the zoledronic acid group; however, there were no dif- 
ferences in the discontinuation rate in the two groups 
due to adverse events. Osteonecrosis of the jaw was not 
reported in this study but is a known toxicity of bisphos- 
phonate therapy (54). 

Two negative bisphosphonate studies for patients with 
metastatic castrate-resistant prostate cancer and symp- 
tomatic bone metastases have also been reported. The 
National Cancer Institute of Canada randomized 209 men 
with castrate-resistant prostate cancer and symptomatic 
bone metastases to receive either clodronate (1,500 mg 
intravenously every 3 weeks) or placebo(55). All patients 
also received mitoxantrone 12 mg/m? every 3 weeks in 
combination with prednisone. Compared to placebo, clo- 
dronate did not have significant effects on pain, analge- 
sic use, duration of response, progression-free survival, 
overall survival, or quality of life. Similarly, treatment 
with pamidronate did not meet the primary endpoint of 
pain reduction in prostate cancer patients with symptom- 
atic bone metastases (56). In a combined analysis of two 
studies, outcomes from 350 men with castrate-resistant 
metastatic prostate cancer and symptomatic bone lesions 
who were randomized to receive either pamidronate 
(90 mg intravenously every 3 weeks) or placebo for 
27 weeks were analyzed. The analysis reported no dif- 
ference in pain scores, analgesic use, or rates of skeletal- 
related events compared to placebo. Consequently, 
zoledronic acid is the only bisphosphonate with an indica- 
tion for treatment of patients with bone metastases and 
castrate-resistant prostate cancer. 

A randomized phase II evaluation of denosumab 
demonstrated that denosumab is effective at inhibiting 
bone resorption in patients with a suboptimal response 
to bisphosphonate therapy(57). Eligible patients had at 
least one bone metastasis from prostate cancer, other solid 
tumor, or multiple myeloma and evidence of increased 
levels of bone resorption despite at least 8 weeks of treat- 
ment on intravenous bisphosphonate. For the purpose 
of eligibility, elevated bone resorption was defined as a 
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urinary N-telopeptide to creatinine ratio of greater than 
50 nM bone collagen equivalents/mM creatinine. The 
study randomized 111 patients to either continue intra- 
venous bisphosphonate or receive one of two schedules 
of subcutaneous denosumab for 25 weeks. Denosumab 
was more effective at normalizing multiple markers of 
bone resorption (58) and also appeared to reduce rates of 
skeletal-related events. These conclusions also extended to 
a subset of 50 patients with prostate cancer (59). 

The encouraging results of phase II studies led to 
a trial comparing the administration of denosumab 
and zoledronic acid in patients with bone metastases 
from castrate-resistant prostate cancer(60). The study 
enrolled 1,904 bisphosphonate-naive patients with 
castrate-resistant prostate cancer and at least one bone 
metastasis. Patients were randomized to receive either 
denosumab (120 mg subcutaneously every 28 days) 
or zoledronic acid (4 mg intravenously every 28 days). 
Skeletal-related events were defined as the need for radia- 
tion or surgery to bone, cord compression, or pathologic 
fracture. The median time on study was 1 year at the 
time of first analysis. Compared to zoledronic acid, deno- 
sumab delayed the onset of the first skeletal-related event 
(20.7 months vs. 17.1 months; P = .008). The cumulative 
mean rate of skeletal-related events per patient was also 
less in the denosumab arm (rate ratio = 0.82; P = .004). 
The most common skeletal-related event was the need for 
radiation to bone (203 events in the zoledronic acid arm 
vs. 177 events in the denosumab arm). Pathologic frac- 
ture accounted for approximately 40% of skeletal-related 
events observed on the trial. The rate of vertebral versus 
nonvertebral fracture was not reported, nor was the pro- 
portion of fractures identified solely on the basis of rou- 
tine radiographic assessment. There were no significant 
differences in overall survival or time to progression. The 
results of this trial led to the approval of denosumab by 
the FDA in 2010 for patients with bone metastases and 
castrate-resistant prostate cancer. 

Patients treated with denosumab had significantly 
lower levels of bone resorption (urinary N-telopeptide 
to creatinine ratio) and bone formation (serum bone- 
specific alkaline phosphatase) than patients treated with 
zoledronic at 13 weeks. The median absolute decline in 
urinary N-telopeptide to creatinine ratio was 
28.4 nmol/mmol in the zoledronic acid group and 
40.3 nmol/mmol in the denosumab group (P < .0001). The 
median absolute decline in bone-specific alkaline phos- 
phatase was 4.8 mcg/L in the zoledronic acid group and 
7.9 mcg/L in the denosumab group (P < .0001). 

Adverse events were similar between the two treat- 
ment arms, with only hypocalcemia meeting criteria for 
statistical significance. Hypocalcemia occurred more 
commonly with denosumab treatment, and most events 
were asymptomatic. Grade 3 hypocalcemia occurred 
in 5% of patients treated with denosumab compared to 
1% of patients treated with zoledronic acid (P < .0001). 
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The most common side effects reported were anemia, 
back pain, anorexia, nausea, fatigue, constipation, and 
bone pain and were similar between the two treatment 
arms. Contributing factors to these adverse events (such 
as tumor progression or toxicity from other therapy) were 
not discussed. Rates of osteonecrosis of the jaw were 
reported for both denosumab (2%) and zoledronic acid 
(1%) groups and were not statistically different (P = .09). 

In contrast to patients with castrate-resistant prostate 
cancer, antiresorptive therapy has not been shown to ben- 
efit patients with metastatic castration-sensitive disease. 
Zoledronic acid was evaluated in castrate-sensitive patients 
in a double-blind placebo-controlled phase IT trial (61). 
Between June 2004 and April 2012, the study randomized 
645 men with castrate-sensitive prostate cancer and bone 
metastases to receive either zoledronic acid (4 mg intrave- 
nously every 4 weeks) or placebo. Patients who developed 
castrate resistance went on to receive open-label zole- 
dronic acid. The target sample size was 680 patients and 
470 skeletal-related events; however, the study was termi- 
nated early for lack of drug supply. Results were presented 
in abstract form in 2013. After 284 skeletal-related events, 
there was no significant difference in time to first skeletal- 
related event between the two groups (hazard ratio = 0.89; 
P = .34) and no difference in overall survival. A similar 
study performed with clodronate previously reported no 
significant difference in bone progression-free survival 
or overall survival (62). Patients treated with clodronate 
had more gastrointestinal toxicity compared with patients 
on placebo. Thus, current evidence does not support the 
use of bisphosphonate therapy to prevent skeletal-related 
events in the setting of castrate-sensitive prostate cancer. 
Denosumab has not been studied for the prevention of 
skeletal-related events in this population. 


Antiresorption Agents in the Absence of 
Osseous Metastatic Disease: Effects on Bone 
Mineral Density 


There is interest in using antiresorption agents for patients 
who do not have clinically apparent bone metastases 
because (a) androgen deprivation therapy places patients 
at risk for osteoporosis and (b) antiresorption agents have 
the potential of preventing bone metastases based on pre- 
clinical data. 

Multiple placebo-controlled studies have demon- 
strated that bisphosphonate therapy prevents bone min- 
eral density loss and suppresses bone turnover markers in 
patients receiving androgen deprivation therapy (63-67). 
Although bisphosphonate therapy has beneficial effects 
on bone mineral density, the clinical significance of this 
finding for patients starting androgen deprivation therapy 
is unclear due to the absence of data supporting a reduc- 
tion in fracture risk. However, these studies evaluating the 
role of bisphosphonate therapy were not powered to detect 
differences in fracture risk. 
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The effect of denosumab on fracture risk was studied 
in a phase III double-blind, placebo-controlled trial per- 
formed in patients with nonmetastatic, castrate-sensitive 
prostate cancer on androgen deprivation(68). Eligible 
patients were at an increased risk of osteoporotic fracture 
on the basis of age older than or equal to 70 years, low 
bone mineral density (T score at the lumbar spine, hip, 
or femoral neck < -1.0), or previous osteoporotic frac- 
ture. A total of 1,468 patients were randomized to receive 
either denosumab (60 mg subcutaneous) or a placebo 
injection every 6 months for a total of six doses. Calcium 
and vitamin D supplementation was standard therapy in 
both treatment arms. Compared to placebo, denosumab 
increased bone mineral density at the hip, femoral neck, 
distal third of the radius, and whole body at all time 
points. Furthermore, denosumab was associated with a 
reduced risk of vertebral fractures in men receiving andro- 
gen deprivation therapy for nonmetastatic prostate can- 
cer compared to placebo (1.5% vs. 3.9% at 36 months, 
respectively; P = .006). The rate of fracture at any site was 
5.2% in the denosumab arm compared with 7.2% in the 
placebo arm, which did not meet criteria for statistical sig- 
nificance (P = .10). The rate of multiple fracture at any site 
was 0.7% in the denosumab arm versus 2.5% in the pla- 
cebo arm (P = .006). Improvement in bone mineral den- 
sity and fracture risk corresponded to suppression of bone 
turnover markers (69). Improvement in bone density with 
denosumab was observed regardless of age, fracture his- 
tory, bone mineral density, and baseline markers of bone 
turnover (70). On the basis of these results, denosumab 
was granted an indication by the FDA in 2011 for improv- 
ing bone mass in prostate cancer patients on androgen 
deprivation at high risk for fracture. 


Antiresorption Agents in the Absence of 
Osseous Metastatic Disease: Prevention 
of Bone Metastases 


Data from three randomized phase III studies have led 
to the conclusion that bisphosphonates are not effec- 
tive in preventing the development of bone metastases in 
patients with nonmetastatic prostate cancer. An early trial 
of zoledronic acid versus placebo in men with castration- 
resistant nonmetastatic prostate cancer was stopped early 
because the event rate was lower than expected (35). The 
low event rate observed in these patients points to an indo- 
lent course for many patients with nonmetastatic prostate 
cancer. The median time to skeletal-related events in the 
placebo arm was 30 months. The early termination of 
the study precluded efficacy analyses; however, analyses 
of the placebo arm identified both high baseline PSA 
concentration and short PSA doubling time as indepen- 
dently associated with bone-metastasis-free survival. 
Subsequent trials have used these criteria to identify a 
high-risk subset of patients more likely to benefit from 
bone-metastases prevention. 
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In a later study of 508 men with high-risk hormone- 
naive or hormone-sensitive nonmetastatic prostate 
cancer, oral clodronate did not improve symptomatic 
bone-metastasis-free survival compared with placebo (71). 
Eligibility criteria included men with T2-T4 prostate can- 
cer within 3 years of diagnosis and without current evidence 
of metastatic disease. Patients were assigned to receive 
either clodronate 2,080 mg orally daily versus placebo for 
5 years. At a median follow-up of 10 years, 148 events 
were observed. There were no significant differences 
between the two groups in the development of metastatic 
disease, prostate cancer mortality, and overall mortality. 

Finally, results of a large randomized trial of zole- 
dronic acid for prevention of bone metastases in men 
with prostate cancer were presented in March 2013 
at the European Association of Urology 28th Annual 
Congress (72). The study randomized 1,433 men with 
high-risk nonmetastatic prostate cancer to receive either 
zoledronic acid (4 mg intravenously every 3 months 
for 4 years) or standard of care only. High-risk disease 
was defined as a PSA of at least 20 ng/mL at diagnosis, 
Gleason sum of 8 to 10, or node-positive disease. Median 
follow-up was 50 months. There was no difference in the 
rate of bone metastases between the two groups (13.7% 
for zoledronic acid vs. 13.0% for the control arm; 
P = .721) and no difference in overall survival. 

In contrast to bisphosphonates, more potent osteoclast 
inhibition with denosumab can prevent the development 
of bone metastases(73). Denosumab was studied in a 
large double-blind placebo-controlled randomized phase 
III study in men with nonmetastatic castrate-resistant 
prostate cancer. Patients selected for the study had a high 
risk of developing metastatic disease on the basis of PSA 
greater than 8 ng/mL and/or a PSA doubling time of less 
than or equal to 10 months. A total of 1,432 patients 
were randomized on a 1:1 basis to denosumab (120 mg 
subcutaneously every 4 weeks) or placebo. Denosumab 
prolonged bone-metastases-free survival (median 29.5 vs. 
25.2 months; hazard ratio = 0.85; P = .028), as defined by 
either time to first bone metastases or death from any cause. 
Denosumab also delayed the onset of first bone metas- 
tasis (median 33.2 vs. 29.5 months; hazard ratio = 0.84; 
P = .032). Most of the bone metastases were asymptom- 
atic at the time of detection (440 of 605 events); however, 
denosumab administration also decreased the likelihood 
of developing symptomatic bone metastasis (hazard 
ratio = 0.67; P = .01, median time to symptomatic metas- 
tasis not reached). There was no difference in overall 
survival between the two arms. The two toxicities that 
differed between the two treatment arms were osteone- 
crosis of the jaw (5% of patients in the denosumab arm 
vs. none) and hypocalcemia (2% vs. < 1%). After review 
of this data, the FDA did not approve denosumab for 
bone-metastases prevention, citing an insufficient benefit 
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in bone-metastases-free survival to outweigh the risks of 
treatment (including osteonecrosis of the jaw). Although 
the results of this trial have yet to be fully implemented 
in clinical practice, the finding provides proof of principle 
that potent osteoclast inhibition can prevent the establish- 
ment of prostate cancer metastases in bone. It remains 
to be seen whether further studies on prevention of bone 
metastases yield a more favorable risk/benefit ratio for 
antiresorptive therapy. 


m CLINICAL CONSIDERATIONS 


As has been discussed, the major on-target toxicities 
of both zoledronic acid and denosumab are hypocalce- 
mia and osteonecrosis of the jaw. Calcium and vitamin 
D supplementation is standard in all prostate cancer 
patients receiving bone resorption inhibitors, and cal- 
cium levels should be monitored. Concomitant vitamin 
D deficiency may be present and potentially exacerbate 
hypocalcemia. Evaluation of vitamin D levels with addi- 
tional supplementation as necessary is suggested, espe- 
cially at northern latitudes. The risk of hypocalcemia 
is higher with denosumab, particularly in patients with 
renal dysfunction (creatinine clearance < 30 mL/min 
or dialysis). Osteonecrosis of the jaw is more common 
in patients with poor dental health and can be precipi- 
tated by dental extractions. Duration and frequency of 
osteoclast inhibitor therapy are additional risk factors 
for osteonecrosis of the jaw. Baseline dental evaluation 
is recommended with preventative dentistry performed 
prior to therapy. Invasive dental procedures should be 
avoided while on osteoclast inhibitor therapy if possible, 
with an individual risk/benefit assessment performed 
by the dentist and treating oncologist. Patients should 
be encouraged to maintain optimal dental health and 
referred to a dentist or an oral surgeon if they develop 
jaw or tooth complaints. Both denosumab and zole- 
dronic acid are associated with atypical fractures of the 
femur, including subtrochanteric and diaphyseal femur 
fractures without significant preceding trauma. Patients 
reporting pain in the hip, thigh, or groin areas should 
be assessed for the possibility of femoral fracture with 
contralateral assessment also recommended. 
Nephrotoxicity of these agents appears to be specific 
to bisphosphonates. Dose reduction of zoledronic acid is 
recommended for patients with a creatinine clearance less 
than 60 mL/min. Patients with a creatinine clearance of 
less than 30 mL/min should not receive zoledronic acid. 
To avoid nephrotoxicity, the recommended infusion rate 
is no faster than 4 mg of zoledronic acid over 15 minutes. 
As previously mentioned, patients with a creatinine clear- 
ance of less than 30 mL/min are at risk for hypocalcemia 
with denosumab administration. However, the dose and 
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frequency of denosumab do not need to be adjusted with 
renal dysfunction. 

Although data suggest that denosumab is a more 
potent osteoclast inhibitor than zoledronic acid, not all 
patients with bone metastases experience a skeletal- 
related event, and not all protocol-defined skeletal events 
are clinically significant (e.g., a radiographically detected 
vertebral fracture). It is unknown whether there are lower 
risk patients in whom osteoclast inhibitor treatment could 
be delayed, given at reduced dose intensity, or in whom 
a trial of zoledronic acid would be warranted. Clinical 
questions also remain regarding the optimal duration of 
therapy for both zoledronic acid and denosumab. Benefit 
has been demonstrated in clinical trials with up to 2 years 
of osteoclast inhibitor therapy for patients with metastatic 
castrate-resistant prostate cancer; however, the benefit 
beyond that time frame is uncertain, especially because 
the risk of osteonecrosis of the jaw also increases with 
cumulative doses. 


m COMPARISON BETWEEN ZOLEDRONIC 
ACID AND DENONSUMAB 


There are several salient differences between denosumab 
and zoledronic, which may influence treatment choices 
in the setting of osseous metastatic disease. In compari- 
son to zoledronic acid, which is given intravenously over 
15 minutes, denosumab is administered as a subcutane- 
ous injection. Denosumab does not accumulate in bone, 
unlike zoledronic acid. As reported by Fizazi et al. (60), 
grade 3 and 4 adverse events are more common with deno- 
sumab than with zoledronic acid, although there was no 
significant difference in rates of adverse events that led to 
discontinuation. The primary driver of this difference was 
likely the higher rate of grade 3 or higher hypocalcemia 
seen in denosumab-treated patients (5% vs. 1%). Overall 
rates of hypocalcemia, an expected on-target toxicity of 
both denosumab and zoledronic acid, were 13% and 6%, 
respectively (P < .0001). Osteonecrosis of the jaw occurs 
at similar rates in patients treated with denosumab and 
zoledronic acid (2% vs. 1%, respectively). In contrast, 
although adverse events overall were more common with 
denosumab, denosumab is less likely to precipitate an 
acute phase reaction compared with zoledronic acid 
(18% vs. 8%). 

Nephrotoxicity is a significant dose-dependent con- 
cern with zoledronic acid treatment (74) but has not been 
reported with denosumab treatment (57). The risk of 
nephrotoxicity from zoledronic acid increases in the set- 
ting of preexisting renal dysfunction and thus was a basis 
for exclusion from the phase III trial comparing deno- 
sumab with zoledronic acid in patients with prostate can- 
cer. No significant difference in nephrotoxicity between 
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the two agents was reported in patients with prostate 
cancer (60); however, other studies have reported a 
significantly reduced rate of nephrotoxicity for denosumab 
compared to zoledronic acid(75). In summary, deno- 
sumab is associated with higher rates of hypocalcemia, 
similar rates of osteonecrosis of the jaw, and lower rates of 
acute phase reactions and renal dysfunction compared to 
zoledronic acid. 

At the moment, denosumab is costlier than zoledronic 
acid. Several studies have attempted to assess the relative 
cost-effectiveness of these two treatments. Over 1 year of 
treatment, the incremental cost of denosumab treatment 
compared to zoledronic acid in the United States is approx- 
imately $7,000(76,77). Given the lower skeletal-related 
event rate on denosumab versus zoledronic acid (60), the 
incremental cost of preventing one skeletal-related event 
with denosumab over zoledronic acid was estimated to be 
$71,027 in the first year and $51,319 over 3 years(77). 
An independent analysis using a lifetime horizon con- 
cluded that the cost to prevent one skeletal-related event 
with denosumab was $8,567(78). The time horizon of 
analysis may have similarly affected estimates of cost per 
quality-adjusted life-year gained with denosumab treat- 
ment which ranged from $49,405(78) to $1M (76). In 
comparison, zoledronic acid is associated with an incre- 
mental cost of $12,300 per skeletal-related event avoided 
and $159,200 per quality-adjusted life year compared to 
placebo (79). 

Cost-effectiveness analyses are sensitive to drug costs, 
which in turn are affected by the new availability of 
generic competition for zoledronic acid as well as industry- 
supported patient access schemes. For example, a study 
in the United Kingdom concluded that denosumab was 
cost-effective compared to zoledronic acid only with the 
availability of discounted drug through a patient access 
scheme (80). The source of research funding may influence 
research methodology and ultimately, the conclusions of 
cost-effectiveness studies (81). Regardless of the contro- 
versy and uncertainties regarding cost-effectiveness, one 
thing that is not disputed is the superiority of denosumab 
compared to zoledronic acid in prevention of skeletal- 
related events. 


m CONCLUSION 


In summary, cancer-, host-, and treatment-dependent 
factors place patients with prostate cancer at high risk 
of skeletal morbidity. Prostate cancer bone metastases 
typically appear osteoblastic on imaging studies but are 
characterized by both abnormal bone formation and 
resorption. This state of increased bone turnover can 
be measured biochemically in clinical samples such as 
blood and urine. An understanding of the molecular 


374 


signaling driving osteoblast and osteoclast function has 
led to the development of clinically useful treatments to 
minimize the skeletal-related morbidity. Two inhibitors 
of bone resorption, namely zoledronic acid and deno- 
sumab, are effective at reducing skeletal-related events 
in patients with metastatic castrate-resistant prostate 


cancer. 
E REFERENCES 
1. Bubendorf L, Schopfer A, Wagner U, et al. Metastatic patterns of 


12. 


13. 


14. 


1S. 


16. 


17; 


18. 


prostate cancer: an autopsy study of 1,589 patients. Hum Pathol. 
2000531(5):578-583. 

Sathiakumar N, Delzell E, Morrisey MA, et al. Mortality fol- 
lowing bone metastasis and skeletal-related events among men 
with prostate cancer: a population-based analysis of US Medicare 
beneficiaries, 1999-2006. Prostate Cancer Prostatic Dis. 
2011;14(2):177-183. 

Norgaard M, Jensen AO, Jacobsen JB, et al. Skeletal related 
events, bone metastasis and survival of prostate cancer: a popu- 
lation based cohort study in Denmark (1999 to 2007). J Urol. 
20103184(1):162-167. 

Lee RJ, Saylor PJ, Smith MR. Treatment and prevention of bone 
complications from prostate cancer. Bone. 2011;48(1):88-95. 
Groot MT, Boeken Kruger CG, Pelger RC, et al. Costs of pros- 
tate cancer, metastatic to the bone, in the Netherlands. Eur Urol. 
2003;43(3):226-232. 

Lage MJ, Barber BL, Harrison DJ, et al. The cost of treating 
skeletal-related events in patients with prostate cancer. Am J 
Manag Care. 2008;14(5):317-322. 

Schulman KL, Kohles J. Economic burden of metastatic bone dis- 
ease in the U.S. Cancer. 2007;109(11):2334-2342. 

Hadjidakis DJ, Androulakis, II. Bone remodeling. Ann N Y Acad 
Sci. 2006;1092:385-396. 

Golub EE, Boesze-Battaglia K. The role of alkaline phosphatase 
in mineralization. Curr Opin Orthop. 2007;18(5):444-448. 
Roodman GD. Mechanisms of bone metastasis. N Engl J Med. 
2004;350(16):1655-1664. 

Clarke NW, McClure J, George NJ. Morphometric evidence for 
bone resorption and replacement in prostate cancer. Br J Urol. 
1991;68(1):74-80. 

Charhon SA, Chapuy MC, Delvin EE, et al. Histomorphometric 
analysis of sclerotic bone metastases from prostatic carcinoma 
special reference to osteomalacia. Cancer. 1983;51(5):918-924. 
Nelson JB, Hedican SP, George DJ, et al. Identification of endo- 
thelin-1 in the pathophysiology of metastatic adenocarcinoma of 
the prostate. Nat Med. 1995;1(9):944-949. 

Saad F, Gleason DM, Murray R, et al. A randomized, placebo- 
controlled trial of zoledronic acid in patients with hormone- 
refractory metastatic prostate carcinoma. J Natl Cancer Inst. 
2002;94(19):1458-1468. 

Brown JE, Cook RJ, Major P, et al. Bone turnover markers as pre- 
dictors of skeletal complications in prostate cancer, lung cancer, 
and other solid tumors. J Natl Cancer Inst. 2005;97(1):59-69. 
Keller ET, Brown J. Prostate cancer bone metastases pro- 
mote both osteolytic and osteoblastic activity. J Cell Biochem. 
2004;91(4):718-729. 

Percival RC, Urwin GH, Harris S, et al. Biochemical and 
histological evidence that carcinoma of the prostate is asso- 
ciated with increased bone resorption. Eur J Surg Oncol. 
1987313(1):41-49. 

Garnero P, Buchs N, Zekri J, et al. Markers of bone turnover for 
the management of patients with bone metastases from prostate 
cancer. Br J Cancer. 2000;82(4):858-864. 


19. 


20: 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33: 


34. 


35. 


36. 


37: 


38. 


39, 


40. 


PARTIV œ Treatment of Disseminated Disease 


Berruti A, Dogliotti L, Bitossi R, et al. Incidence of skeletal 
complications in patients with bone metastatic prostate can- 
cer and hormone refractory disease: predictive role of bone 
resorption and formation markers evaluated at baseline. J Urol. 
2000;164(4):1248-1253. 

Jung K, Lein M, Stephan C, et al. Comparison of 10 serum 
bone turnover markers in prostate carcinoma patients with bone 
metastatic spread: diagnostic and prognostic implications. Int J 
Cancer. 2004;111(5):783-791. 

Brown JE, Sim S. Evolving role of bone biomarkers in castration- 
resistant prostate cancer. Neoplasia. 2010;12(9):685-696. 

Saad F, Eastham JA, Smith MR. Biochemical markers of bone 
turnover and clinical outcomes in men with prostate cancer. Urol 
Oncol. 2012;30(4):369-378. 

Urwin GH, Percival RC, Harris S, et al. Generalised increase 
in bone resorption in carcinoma of the prostate. Br J Urol. 
1985;57(6):721-723. 

Zhang J, Dai J, Qi Y, et al. Osteoprotegerin inhibits prostate 
cancer-induced osteoclastogenesis and prevents prostate tumor 
growth in the bone. J Clin Invest. 2001;107(10):1235-1244. 
Seibel MJ. The use of molecular markers of bone turnover in 
the management of patients with metastatic bone disease. Clin 
Endocrinol (Oxf). 2008;68(6):839-849. 

Seibel MJ. Biochemical markers of bone turnover: part I: bio- 
chemistry and variability. Clin Biochem Rev. 2005;26(4):97-122. 
Halabi S, Small EJ, Kantoff PW, et al. Prognostic model for pre- 
dicting survival in men with hormone-refractory metastatic pros- 
tate cancer. J Clin Oncol. 2003;21(7):1232-1237. 

Smaletz O, Scher HI, Small EJ, et al. Nomogram for overall sur- 
vival of patients with progressive metastatic prostate cancer after 
castration. J Clin Oncol. 2002;20(19):3972-3982. 

Smith MR, Cook R, Lee KA, et al. Disease and host character- 
istics as predictors of time to first bone metastasis and death in 
men with progressive castration-resistant nonmetastatic prostate 
cancer. Cancer. 2011;117(10):2077-2085. 

Smith MR, Cook RJ, Coleman R, et al. Predictors of skeletal com- 
plications in men with hormone-refractory metastatic prostate 
cancer. Urology. 2007;70(2):315-319. 

Cook RJ, Coleman R, Brown J, et al. Markers of bone metabolism 
and survival in men with hormone-refractory metastatic prostate 
cancer. Clin Cancer Res. 2006;12(11 pt 1):3361-3367. 

Lein M, Miller K, Wirth M, et al. Bone turnover markers as 
predictive tools for skeletal complications in men with meta- 
static prostate cancer treated with zoledronic acid. Prostate. 
2009;69(6):624-632. 

Lipton A, Cook R, Saad F, et al. Normalization of bone markers 
is associated with improved survival in patients with bone metas- 
tases from solid tumors and elevated bone resorption receiving 
zoledronic acid. Cancer. 20083113(1):193-201. 

Berruti A, Tucci M, Mosca A, et al. Predictive factors for skel- 
etal complications in hormone-refractory prostate cancer patients 
with metastatic bone disease. Br J Cancer. 2005;93(6):633-638. 
Smith MR, Kabbinavar F, Saad F, et al. Natural history of rising 
serum prostate-specific antigen in men with castrate nonmeta- 
static prostate cancer. J Clin Oncol. 2005;23(13):2918-2925, 
Brawley OW. Prostate cancer epidemiology in the United States. 
World J Urol. 2012;30(2):195-200. 

Shahinian VB, Kuo YF, Freeman JL, et al. Risk of fracture 
after androgen deprivation for prostate cancer. N Engl J Med. 
2005;352(2):154-164. 

Smith MR. Treatment-related osteoporosis in men with prostate 
cancer. Clin Cancer Res. 2006;12(20 pt 2):6315s—6319s. 

Sharifi N, Gulley JL, Dahut WL. Androgen deprivation therapy 
for prostate cancer. JAMA. 2005;294(2):238-244. 

Oefelein MG, Ricchuiti V, Conrad W, et al. Skeletal fracture asso- 
ciated with androgen suppression induced osteoporosis: the clini- 
cal incidence and risk factors for patients with prostate cancer. J 
Urol. 2001;166(5):1724-1728. 


CHAPTER 19.5 œ 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51; 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


39; 


Tannock IF, Osoba D, Stockler MR, et al. Chemotherapy 
with mitoxantrone plus prednisone or prednisone alone for 
symptomatic hormone-resistant prostate cancer: a Canadian 
randomized trial with palliative endpoints. J Clin Oncol. 
1996;14(6):1756-1764. 

Tannock IF, de Wit R, Berry WR, et al. Docetaxel plus prednisone 
or mitoxantrone plus prednisone for advanced prostate cancer. N 
Engl J Med. 2004;351(15):1502-1512. 

de Bono JS, Oudard S, Ozguroglu M, et al. Prednisone plus caba- 
zitaxel or mitoxantrone for metastatic castration-resistant pros- 
tate cancer progressing after docetaxel treatment: a randomised 
open-label trial. Lancet. 2010;376(9747):1147-1154. 

de Bono JS, Logothetis CJ, Molina A, et al. Abiraterone and 
increased survival in metastatic prostate cancer. N Engl J Med. 
2011;364(21):1995-2005. 

Drake MT, Murad MH, Mauck KF, et al. Clinical review. 
Risk factors for low bone mass-related fractures in men: a sys- 
tematic review and meta-analysis. J Clin Endocrinol Metab. 
2012;97(6):1861-1870. 

Khosla S. Minireview: the OPG/RANKL/RANK 
Endocrinology. 2001;142(12):5050-5055. 

Lacey DL, Timms E, Tan HL, et al. Osteoprotegerin ligand is a 
cytokine that regulates osteoclast differentiation and activation. 
Cell. 1998;93(2):165-176. 

Quinn DI, Tangen CM, Hussain M, et al. Docetaxel and atrasen- 
tan versus docetaxel and placebo for men with advanced castra- 
tion-resistant prostate cancer (SWOG S0421): a randomised phase 
3 trial. Lancet Oncol. 2013;14(9):893-900. 

Fizazi KS, Higano CS, Nelson JB, et al. Phase HI, randomized, 
placebo-controlled study of docetaxel in combination with zibo- 
tentan in patients with metastatic castration-resistant prostate 
cancer. J Clin Oncol. 2013;31(14):1740-1747. 

Nelson JB, Love W, Chin JL, et al. Phase 3, randomized, con- 
trolled trial of atrasentan in patients with nonmetastatic, hor- 
mone-refractory prostate cancer. Cancer. 2008;113(9):2478-2487. 
Michaelson MD, Smith MR. Bisphosphonates for treat- 
ment and prevention of bone metastases. J Clin Oncol. 
2005;23(32):8219-8224. 

Saad F, Gleason DM, Murray R, et al. Long-term efficacy of 
zoledronic acid for the prevention of skeletal complications in 
patients with metastatic hormone-refractory prostate cancer. J 
Natl Cancer Inst. 2004;96(11):879-882. 

Weinfurt KP, Anstrom KJ, Castel LD, et al. Effect of zoledronic 
acid on pain associated with bone metastasis in patients with 
prostate cancer. Ann Oncol. 2006;17(6):986-989. 

Woo S-B, Hellstein JW, Kalmar JR. Systematic review: bisphos- 
phonates and osteonecrosis of the jaws. Ann Intern Med. 
2006;144(10):753-761. 

Ernst DS, Tannock IF, Winquist EW, et al. Randomized, double- 
blind, controlled trial of mitoxantrone/prednisone and clodro- 
nate versus mitoxantrone/prednisone and placebo in patients 
with hormone-refractory prostate cancer and pain. J Clin Oncol. 
2003321(17):3335-3342. 

Small EJ, Smith MR, Seaman JJ, et al. Combined analysis of two 
multicenter, randomized, placebo-controlled studies of pamidro- 
nate disodium for the palliation of bone pain in men with meta- 
static prostate cancer. J Clin Oncol. 2003;21(23):4277-4284. 
Fizazi K, Lipton A, Mariette X, et al. Randomized phase II trial 
of denosumab in patients with bone metastases from prostate can- 
cer, breast cancer, or other neoplasms after intravenous bisphos- 
phonates. J Clin Oncol. 2009;27(10):1564-1571. 

Body JJ, Lipton A, Gralow J, et al. Effects of denosumab in 
patients with bone metastases with and without previous bisphos- 
phonate exposure. J Bone Miner Res. 2010;25(3):440-446. 
Fizazi K, Bosserman L, Gao G, et al. Denosumab treatment 
of prostate cancer with bone metastases and increased urine 
N-telopeptide levels after therapy with intravenous bisphos- 
phonates: results of a randomized phase II trial. J Urol. 
2009;182(2):509-515; discussion 515-516. 


system. 


Treatment of Bony Metastases: Inhibitors of Bone Resorption 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


7i: 


72. 


73: 


74. 


75s 


76. 


375 


Fizazi K, Carducci M, Smith M, et al. Denosumab versus zole- 
dronic acid for treatment of bone metastases in men with castra- 
tion-resistant prostate cancer: a randomised, double-blind study. 
Lancet. 2011;377(9768):813-822. 

Smith MR, Halabi S, Ryan CJ, et al. Efficacy and safety of zole- 
dronic acid in men with castration-sensitive prostate cancer and 
bone metastases: results of CALGB 90202 (Alliance) [abstract 
27]. J Clin Oncol. 2013;31(S6). 

Dearnaley DP, Sydes MR, Mason MD, et al. A double-blind, pla- 
cebo-controlled, randomized trial of oral sodium clodronate for 
metastatic prostate cancer (MRC PROS Trial). J Natl Cancer Inst. 
2003395(17):1300-1311. 

Smith MR, McGovern FJ, Zietman AL, et al. Pamidronate to pre- 
vent bone loss during androgen-deprivation therapy for prostate 
cancer. N Engl J Med. 2001;345(13):948-955. 

Smith MR, Eastham J, Gleason DM, et al. Randomized con- 
trolled trial of zoledronic acid to prevent bone loss in men receiv- 
ing androgen deprivation therapy for nonmetastatic prostate 
cancer. J Urol. 2003;169(6):2008-2012. 

Klotz LH, McNeill TY, Kebabdjian M, et al. A phase 3, double- 
blind, randomised, parallel-group, placebo-controlled study of 
oral weekly alendronate for the prevention of androgen depriva- 
tion bone loss in nonmetastatic prostate cancer: the cancer and 
osteoporosis research with alendronate and leuprolide (CORAL) 
study. Eur Urol. 2013;63(5):927-935. 

Greenspan SL, Nelson JB, Trump DL, et al. Effect of once-weekly 
oral alendronate on bone loss in men receiving androgen depriva- 
tion therapy for prostate cancer: a randomized trial. Ann Intern 
Med. 2007;146(6):416-424. 

Choo R, Lukka H, Cheung P, et al. Randomized, double-blinded, 
placebo-controlled, trial of risedronate for the prevention of bone 
mineral density loss in nonmetastatic prostate cancer patients 
receiving radiation therapy plus androgen deprivation therapy. Int 
J Radiat Oncol Biol Phys. 2013;85(5):1239-1245. 

Smith MR, Egerdie B, Hernandez Toriz N, et al. Denosumab in 
men receiving androgen-deprivation therapy for prostate cancer. 
N Engl J Med. 2009;361(8):745-755. 

Smith MR, Saad F, Egerdie B, et al. Denosumab and changes in 
bone turnover markers during androgen deprivation therapy for 
prostate cancer. J Bone Miner Res. 2011;26(12):2827-2833. 
Smith MR, Saad F, Egerdie B, et al. Effects of denosumab on bone 
mineral density in men receiving androgen deprivation therapy for 
prostate cancer. J Urol. 2009;182(6):2670-2675. 

Mason MD, Sydes MR, Glaholm J, et al. Oral sodium clodronate 
for nonmetastatic prostate cancer—results of a randomized dou- 
ble-blind placebo-controlled trial: Medical Research Council PRO4 
(ISRCTN61384873). J Natl Cancer Inst. 2007;99(10):765-776. 
Wirth M, Tammela T, Cicalese V, et al. Prevention of Bone 
Metastases in Patients with High-risk Nonmetastatic Prostate 
Cancer Treated with Zoledronic Acid: Efficacy and Safety Results 
of the Zometa European Study (ZEUS). Eur Urol, 2014. http:// 
dx.doi.org/10.1016/j.eururo.2014.02.014. 

Smith MR, Saad F, Coleman R, et al. Denosumab and bone- 
metastasis-free survival in men with castration-resistant prostate 
cancer: results of a phase 3, randomised, placebo-controlled trial. 
Lancet. 2012;379(9810):39-46. 

Chang JT, Green L, Beitz J. Renal failure with the use of zole- 
dronic acid. N Engl J Med. 2003;349(17):1676-1679; discussion 
1676-1679. 

Stopeck AT, Lipton A, Body JJ, et al. Denosumab compared with 
zoledronic acid for the treatment of bone metastases in patients 
with advanced breast cancer: a randomized, double-blind study. J 
Clin Oncol. 2010;28(35):5132-5139. 

Snedecor SJ, Carter JA, Kaura S, et al. Denosumab versus zole- 
dronic acid for treatment of bone metastases in men with castra- 
tion-resistant prostate cancer: a cost-effectiveness analysis. J Med 
Econ. 2013316(1):19-29. 

Xie J, Namjoshi M, Wu EQ, et al. Economic evaluation of deno- 
sumab compared with zoledronic acid in hormone-refractory 


376 


78. 


79. 


prostate cancer patients with bone metastases. J Manag Care 
Pharm. 2011;17(8):621-643. 

Stopeck A, Rader M, Henry D, et al. Cost-effectiveness of 
denosumab vs zoledronic acid for prevention of skeletal-related 
events in patients with solid tumors and bone metastases in the 
United States. J Med Econ. 2012;15(4):712-723. 

Reed SD, Radeva JI, Glendenning GA, et al. Cost-effectiveness 
of zoledronic acid for the prevention of skeletal complications in 
patients with prostate cancer. J Urol. 20043171(4):1537-1542. 


80. 


81. 


PARTIV œ Treatment of Disseminated Disease 


Ford J, Cummins E, Sharma P, et al. Systematic review of the 
clinical effectiveness and cost-effectiveness, and economic evalu- 
ation, of denosumab for the treatment of bone metastases from 
solid tumours. Health Technol Assess. 20133;17(29):1-386. 

Koo K, Lam K, Mittmann N, et al. Comparing cost-effectiveness 
analyses of denosumab versus zoledronic acid for the treatment 
of bone metastases. Support Care Cancer. 2013;21(6):1785-1791. 


19.6 


HOSSEIN JADVAR 
LESLIE BALLAS 
DAVID I. QUINN 


E INTRODUCTION 


Castration-resistant prostate cancer is universally fatal. 
More than 90% of patients have bone metastases, which 
are predominantly osteoblastic (1). There has been a myriad 
of progress in the therapy of advanced prostate cancer in 
recent years with novel chemotherapy, immunotherapy, 
and androgen receptor pathway targeted therapy all dem- 
onstrating improvements in survival (2-7). Concurrently, 
attempts have been made at targeting the bone milieu 
where most patients manifest their disease. Targeted 
therapy of the bone with osteoblast-directed endothelin 
pathway inhibitors such as atrasentan and zibotentan 
have not proven successful (8,9). Osteoclast inhibitors 
in the form of bisphosphonates and rank-ligand inhibition 
have demonstrated success in delaying skeletal-related 
events and pain but did not improve survival (10, 11). 
Radiopharmaceutical agents such as strontium-89 (Sr-89) 
and samarium-153 (Sm-153) have major palliative impact 
and delay disease progression but have not improved pros- 
tate cancer survival (12-15). 

On that basis, a major opportunity existed for a 
bone-targeted agent that palliates and improves survival. 
Although molecular agents targeting vascular endothe- 
lial growth factor and C-MET pathways have shown 
promise, the calcium mimetic targeted alpha particle as a 
radiopharmaceutical, radium-223 (Ra-223), is the first to 
achieve this goal (16,17). Radium-223 has unique prop- 
erties related to delivery to the site of calcium deposition 
at the interface between prostate cancer and bone and the 
narrow bandandexponentialcancer killing ability of alpha 
particles. Such a therapy is beneficial in both treating 
and delaying cancer-associated pain and extending sur- 
vival in castration-resistant prostate cancer patients with 
symptomatic bone metastases. This chapter discusses the 
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use of radiopharmaceutical agents in the treatment of 
bone metastases in men with prostate cancer, focusing 
on Sm-153, Sr-89, and Ra-223, and reviews the use of 
imaging to assess response to these agents. 


m OLDER BONE-DIRECTED 
RADIONUCLIDES: Sr-89 AND Sm-153 


Bone pain is a common symptom in metastatic cancer 
and is often not controlled with opioids alone. Radiation, 
in the form of radiopharmaceuticals, is one treatment 
modality that has been used to palliate bone pain. 
Radiopharmaceuticals offer ease in administration, the 
ability to treat multiple sites of disease at once, and the 
benefit in therapeutic ratio that comes with a highly 
specific and localized treatment modality; they localize to 
areas of high bone turnover and deliver high focal doses of 
radiation with limited distribution to normal tissues using 
beta particles. 

Candidates for radionuclide therapy have mul- 
tiple metastases that demonstrate radiotracer uptake 
on bone scintigraphy and who have competent bone 
marrow. Practice guidelines by the ACR-ASTRO (18) 
state that patients should have a complete blood count 
with platelets within 7 days prior to therapy to deter- 
mine a competent bone marrow. Platelet count should 
be greater than 60,000/mL, leukocyte count greater 
than 2,400/mL, and absolute granulocyte count greater 
than 2,000/mL. In addition, the patient should have a 
life span of greater than 3 months, and if the patient 
has urinary incontinence, the patient should have blad- 
der catheterization to minimize the risk of radiation 
contamination. Other recommendations include the 
restriction that the patient should not have received 
myelosuppressive chemotherapy for 6 to 8 weeks prior 
to infusion(18). Relative contraindications to the use 
of bone-targeted radionuclides include soft-tissue pain, 
unifocal bone lesions, and osteolytic lesions (those that 
show poor uptake on a bone scan). Absolute contrain- 
dications include severe marrow suppression and severe 
renal dysfunction (19, 20). 
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E Table 19.6.1 
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Physical characteristics of radiopharmaceuticals in common use in patients with bone metastases from 


prostate cancer 


Maximum Energy 


Radionuclide Half-Life (days) (MeV) 

Sm-153 1.9 0.81 (B) 
Sr-89 50.5 1.4 (B) 
Ra-223 11.4 NA 


Source: Refs. (58), (108), (109). 


Mean Energy 

(MeV) Maximum Range y-Emission (keV) 
0.229 (B) 4 mm None 
0.583 (B) 7 mm 103 
5.78 (a) < 10pm 154 


E Table 19.6.2 Comparative clinical properties of Sm-153, Sr-89, and Ra-223 in patients with advanced prostate cancer 


Delayed 
Skeletal-Related Overall Survival Delayed PSA Surrogate Marrow 
Radionuclide Events Palliation Benefit Progression Marker Suppression 
Sm-153 Not assessed Yes (37) No (37) Yes (14) Nil Mild to 
moderate (37) 
Sr-89 Trend (15) Yes (15) No (15) Yes (25) Nil Moderate to 
severe (110) 
Ra-223 Yes (17) Yes (17) Yes (17) Yes (62) Serum alkaline Minimal to 
phosphatase mild (17, 62) 
(17, 62) 


Although multiple radionuclides have been studied for 
use in bone metastases, the most commonly used are Sr-89 
and Sm-153 (Tables 19.6.1 and 19.6.2). Each radionuclide 
targets bone through a different mechanism. Sr-89 is taken 
up as a calcium analogue, and Sm-153 is chelated to eth- 
ylenediamine tetra(methylene phosphonic) acid (EDTMP) 
and localizes to bone in association with hydroxyapatite. 
Once chelated, Sm-153 emits beta particles with a maxi- 
mum energy of 0.81 MeV, an average soft-tissue range of 
0.6 mm, and a half-life of 1.9 days. Sr-89 has a maxi- 
mum energy of 1.47 MeV, an average soft-tissue range of 
2.4mm, and a half-life of 50.5 days (21). The shorter half- 
life of Sm-153 allows for a faster radiation delivery and 
rapid clearance from the body after intravenous injection. 
Delivery of approximately 90% of the total dose of radia- 
tion requires approximately 3.5 half-lives or 1 week for 
Sm-153 and 25 weeks for Sr-89 (19, 20). 


E RANDOMIZED DATA FOR THE 
CLINICAL USE OF STRONTIUM 


Sr-89 has a 10-fold increased localization for metastatic 
tumor over normal bone(21). Despite nonuniformity in 
studies regarding the dose-response relationship, a retro- 
spective review found a dose-response relationship with 


increasing doses of Sr-89 (22). The recommended dose for 
Sr-89 is 40 to 60 mCi/kg or about 4 mCi for standard 
weight patients. 

Multiple phase III studies have been performed test- 
ing the efficacy of Sr-89. Complete pain relief has been 
reported in between 17.6% and 65.1% of patients at 
3 months (23-25) with some pain response in 91% (26). In 
a systematic review published by Finlay et al., the complete 
pain response varied between 8% and 77% with a mean 
value of 32%. The time delay until the onset of treatment 
effect varied from 4 to 28 days with a mean duration of 
response lasting 15 months. Decreased analgesic use has 
been reported in 71% to 81% of patients (27). Compared 
with placebo in a phase III crossover double-blind trial, 
Lewington found a complete pain response in the Sr-89 
arm and a better clinical response with Sr-89 than with 
placebo at first assessment (P < .01) (28). 

Using a pain score, performance status, and analgesic 
use, Oosterhof et al. compared Sr-89 with local radiation 
therapy (XRT) and found no difference in the subjective 
response of patients(13). Porter et al. followed involved- 
field XRT with Sr-89 and found that at 3 months, a higher 
proportion of patients who received Sr-89 were pain free 
(no statistical significance reported). In addition, the 
patients who received Sr-89 had fewer new sites of pain 
than those who did not receive Sr-89 (23). 
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Although the majority of studies showed no overall 
survival benefit to the addition of Sr-89 to either cisplatin 
or radiation, Buchali compared Sr-89 with placebo and 
found a median overall survival to be 46% at 2 years in 
the Sr-89 group compared with 4% at 2 years in the pla- 
cebo group (the authors did not report on 10 patients who 
died of disease in the first 3 months and the study had a 
small sample size) (29). Pain relief was not different in the 
two groups. 

Toxicity in all of these studies included leukopenia 
and thrombocytopenia. Just as pain response varied, so 
too did toxicity. Reports of thrombocytopenia ranged 
from 30% to 80% with a mean nadir of counts 4 to 8 
weeks following injection; grade 3 to 4 leukopenia was 
reported in < 10% of patients (21). 

Based on these randomized control studies, practice 
guidelines were developed by the Practice Guidelines 
Initiative Genitourinary Cancer Disease Site Group. They 
recommended the use of Sr-89 in the setting of castrate- 
resistant metastatic prostate cancer in which multiple 
single-XRT fields are not possible. Moreover, they did not 
recommend Sr-89 as an adjunct to XRT (30). 

The addition of Sr-89 to chemotherapy or the reverse 
has been evaluated in several early phase clinical studies 
(31-34). The tolerability of different combinations has 
varied but is acceptable in selected patients. A randomized 
phase II trial evaluated treatment with ketoconazole, 
doxorubicin, estramustine, and vinblastine with or with- 
out Sr-89 consolidation in men with castration-resistant 
prostate cancer(35,36). In this trial of 103 men, 72 
of whom were randomized to strontium, the median 
survival favored the strontium group with a median of 
27.7 months compared with 16.8 months in the control 
group (P = .0014). A follow-up phase III study examining 
chemotherapy with or without Sr-89 completed accrual in 
2012 with results awaited. A phase II TRAPEZE study 
examined the addition of Sr-89 or zoledronic acid to 
docetaxel in men with castration-resistant prostate can- 
cer and bone metastases(15). The use of Sr-89 delayed 
progression-free survival in the context of a prespecified 
multivariate analysis (hazard ratio = 0.85; P = .036) but 
did not delay skeletal-related events or improve survival 
compared to arms containing docetaxel and docetaxel 
with zoledronic acid (15). 

Sr-89 is a useful palliative agent in patients with 
advanced prostate cancer and bone metastases; how- 
ever, its use in combination with chemotherapy is not 
standard care. 


E RANDOMIZED DATA FOR THE 
CLINICAL USE OF SAMARIUM 


Samarium, when complexed with EDTMP, has preferen- 
tial affinity for metastatic lesions over normal bone (21). 
Multiple phase I/II studies have examined the dose-response 
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relationship of samarium. Although doses from 
0.2 mCi/kg to 2.5 mCi/kg have been evaluated, the rec- 
ommended dose of Sm-153 is 1.0 mCi/kg. The adverse 
effects that limited dose escalation were myelosuppres- 
sion and thrombocytopenia. This was reported in 20% to 
42% of patients (27). Pain response in this same popula- 
tion ranged from 72% to 88% (21). 

Three phase III studies and one abstract looked 
at Sm-153 either compared to placebo or compared to 
smaller doses of samarium. The endpoint for all three 
studies was pain relief. Olea et al. found overall pain 
relief of 73%, which was independent of dose (30). 
Serafini et al. compared 0.5 mCi/kg to 1.0 mCi/kg and 
placebo in 118 patients with symptomatic bone metasta- 
ses from a variety of primary tumor sites. In this study, 
62% to 72% of patients had pain relief with 1.0 mCi/kg 
during the first 4 weeks and 31% had complete/marked 
relief by week 4 while 0.5 mCi/kg was less effective 
and did not produce sustained pain responses. With 
1.0 mCi/kg of samarium, the grade 3 to 4 anemia was 
6%, thrombocytopenia was 3%, and leukopenia was 
14%. The placebo group reported 35%, 0%, and 0%, 
respectively. In addition, they examined analgesic use 
during the same period and found significant correla- 
tion between reductions of analgesia and pain scores in 
the 1.0 mCi/kg cohort (37). 

Another phase III study led by Sartor et al. compared 
1.0 mCi/kg Sm-153 to nonradioactive lexidronam com- 
plexes in a 2:1 ratio in 152 men with advanced castration- 
resistant prostate cancer. These patients received significant 
improvement in bone pain and decrease in analgesic use 
with Sm-153 (P < .05). The patients reported differences 
favoring Sm-153 in areas of pain descriptor scales, visual 
analogue scales, and opiate use (20, 30). 

The third phase III study by Resche et al. compared 
Sm-153 at 0.5 mCi/kg with 1.0 mCi/kg for differences 
in pain relief. There was a significant difference in pain 
scores between the doses at week 4 (P = .0476). Although 
the leukocyte nadir and platelets were lower with the 
1.0 mCi/kg group, there was no overall survival differ- 
ence between the two groups. At week 4, pain relief was 
70% in the 1.0 mCi/kg group compared with 55% in the 
0.5mCi/kg group. All three studies prove that 1.0 mCi/kg 
of Sm-153 is safe and effective in pain control and should 
be considered in patients who meet the criteria for radio- 
nuclide usage (38). 

Sm-153 can be combined with docetaxel in patients 
with mCRPC with symptomatic improvement and a rea- 
sonable duration of cancer control, but thrombocytopenia 
is dose limiting for Sm-153 retreatment in at least 30% 
of patients (39). In addition, a French study used Sm-153 
in combination to consolidate in patients responding to 
four cycles of docetaxel-based therapy (14). They observed 
long-term pain and serum prostate-specific antigen (PSA) 
control in these patients with minimal toxicity. These 
findings should ideally be tested in a phase III setting, 
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but this is unlikely given the advent of Ra-223. Sm-153 
has clinical efficacy in improving pain and has a reason- 
able safety profile in patients with advanced prostate 


cancer; however, it has not shown improved survival 
(Table 19.6.2). 


m COMPARATIVE EFFICACY OF SR-89 
AND SM-153 


Liepe et al. compared Re-186, Sm-153, and Sr-89 in terms 
of impact on pain symptoms, quality of life as assessed 
with Karnofsky performance status, and bone marrow 
function. There was no difference reported for toxic- 
ity between the different radiopharmaceuticals; 73% of 
patients had some relief of their pain and there was a 
trend toward improved performance status at 12 weeks 
(P = .15) (40). In another study involving the comparison 
of Sr-89 and Sm-153 in 100 patients with prostate and 
breast cancer bone metastases, no difference was seen 
between the two agents regarding analgesic effects (21). 


E ALPHA PARTICLE THERAPY 
AND RA-223 


There are more than 100 alpha-emitting radioisotopes, 
but most decay too quickly to be useful for targeted radio- 
nuclide therapy. Alpha particles are positively charged 
helium nuclei with a short range of about 50 to 80 pm 
(vs. several millimeters for beta particles) and high linear 
transfer energy of about 100 to 200 keV/pm (vs. beta par- 
ticles 0.2 keV/pm) (Table 19.6.1). The relative biological 
effect (RBE) of alpha particles is about three- to sevenfold 
of that for x-ray reference radiation for cell sterilization 
(41-46). The very high-energy deposition of alpha par- 
ticles at a very small distance can cause irreversible 
double-strand DNA breaks. This is in contrast to beta 
particles, which are often associated with single-strand 
DNA breaks. Cells are much better equipped to repair 
single-strand DNA breaks than double-strand DNA 
breaks (47). Other than DNA breaks, the high local- 
ized irradiated energy leads to radiolysis of intracellular 
water, which results in highly toxic radicals and chemi- 
cals that destroy the cell. Since the high energy of alpha 
particles is given off over a very short range, the targeted 
cells receive high absorbed radiation doses while adjacent 
cells (tumor or healthy cells) may receive little or no radi- 
ation at all. The conventional MIRD (medical internal 
radiation dose) dosimetric method may therefore not be 
appropriate in this setting, and microdosimetric methods 
have been devised (48). Of further importance in pros- 
tate cancer, and also potentially breast cancer, is that the 
mechanisms of action of 223Ra through ds-DNA breaks 
and radiolysis are independent of the sex steroid recep- 
tor signaling mechanisms leveraged by most hormonal 
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agents. This is potentially important as more exposure 
to androgen receptor pathway blockade pushes the cells 
toward an anaplastic state that may have growth kinetics 
independent of hormone signal and response (49). In this 
context of therapies such as 223Ra, which act indepen- 
dent of these agents, benefit may increase as the cancer 
progresses through these treatments. 

Although there has been much interest in the use of 
alpha particles for targeted therapy, only lately this topic 
has been brought into spotlight by the U.S. Food and Drug 
Administration (FDA) approval (in May 2013) of 223Ra 
dichloride for targeted therapy of bone metastases in men 
with castration-resistant prostate cancer (50). 


E 223RA 


Radium is a calcium mimetic and, along with barium and 
strontium, belongs to the alkaliearth metals inthe periodic 
table. On December 26, 1898, the Curies (Marie Curie 
and her husband Pierre Curie) informed the l'Académie 
des Sciences that they had come upon a very active sub- 
stance that behaved chemically almost like pure barium 
and they suggested the name of radium (226Ra with a 
half-life of 1,601 years) for the new element. The Curies 
and Henri Becquerel shared the Nobel Prize in Physics in 
1903 in recognition of the discovery and research on the 
radioactivity phenomenon (51). One of the radium iso- 
topes, 223Ra, is the first alpha emitter that has undergone 
formal testing for clinical use. It can be obtained from 
uranium mill tailings or in generator form from 227Ac 
(t2 = 21.8 years) parent through the reaction 227Ac> 
227Th => 223Ra. The half-life of 223Ra is 11.43 days. 
The emitted energy distribution is 93.5% as alpha 
particles, 5.78 MeV (average), < 3.6% as beta particles, 
< 1.1% as y radiation with 28 MeV combined energy 
for complete decay including 0.9 MeV as y radiation 
(Table 19.6.1). 

223Ra targets the hydroxyapatite [Ca4)(P0,4),(OH),| 
matrix in the bone naturally because it simulates the 
stoichiometry of calcium. It is interesting that the poten- 
tial use of 223Ra in therapy was recognized more than a 
century ago by Dr. Louis Wickham, Director of the Radium 
Institute in 1909, when he observed that the “radium- 
therapy . .. has won its place in the therapeutic armamen- 
tarium, [as evidence that] that the French discovery of Curie 
and Madame Curie has borne definite and certain fruit in 
the medical field” (51,52). It should be noted that radium 
was used as a source for external beam radiation therapy 
until the 1960s when cobalt-60 and other more modern 
techniques prevailed (53,54). Ra-223 was first given intra- 
venously to humans in the 1960s (55,56). Most recently 
in 2013, Vapiwala and Glatstein observed that “alpha 
particles in medicine may be newly explored 115 years 
after their discovery” (57). 
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Given the self-targeting of 223Ra to areas of active 
bone remodeling and formation, 223Ra was systemati- 
cally evaluated for highly localized treatment of osteoblas- 
tic bone metastases (58—61). Early phase and dose finding 
trials with 223Ra led to a randomized phase II trial of 
the agent given every 4 weeks for four doses or placebo in 
64 men with symptomatic bone metastases from prostate 
cancer who had just completed palliative external beam 
radiation to bone (62). In this study, primary endpoints 
were change in bone-alkaline phosphatase concentration 
and time to skeletal-related events, whereas secondary 
endpoints included toxic effects, time to PSA progression, 
and overall survival. Treatment with 223Ra produced a 
significant reduction in bone alkaline phosphates in serum 
and a trend toward delay in skeletal-related events with 
no significant differences in toxicity between the arms. 
Overall survival favored the 223Ra arm with a hazard 
ratio of 2.12 (P = .02, in a Cox regression model) (62). 

In designing the phase I ALSYMPCA trial, inves- 
tigators selected men with symptomatic, metastatic 
castration-resistant prostate cancer and gave six treat- 
ments of Ra-223 at a dose of 50 Kbq per kilogram of 
body weight every 4 weeks for six treatments in a ratio 
of two patients given Ra-223 for each patient who got 
placebo (17). Patients were required to have declined 
docetaxel or to have progressed on it or after it and 
were given best supportive care including secondary hor- 
monal manipulation, analgesia, and osteoclast inhibi- 
tor agents during the trial. The primary endpoint was 
overall survival and the major secondary endpoint was 
delay in skeletal-related events. At the first interim anal- 
ysis, 809 patients were evaluated, and there was a sig- 
nificant benefit in favor of Ra-223 for overall survival. 
An updated analysis involving 921 patients confirmed 
the survival benefit of Ra-223 (median 14.9 months vs. 
11.3 months; hazard ratio = 0.70; 95% CI, 0.58-0.83; 
P < .001). Ra-223 also delayed time to skeletal-related 
events and was associated with fewer adverse effects and 
was notably associated with very low rates of myelosup- 
pression (Table 19.6.2). The therapeutic benefit of Ra-223 
was seen independent of concurrent bisphosphonate use 
or prior docetaxel use. Patients with elevated serum alka- 
line phosphates appeared to benefit more from Ra-223 
than those with normal values at baseline. Subsequently, 
the U.S. FDA approved Ra-223 in May 2013 as treatment 
for patients with bone metastases from castration-resis- 
tant prostate cancer who do not have visceral metastases. 

In practice, Ra-223 is now presented as an alternative 
to docetaxel chemotherapy when prostate cancer becomes 
castration resistant and progresses on subsequent hormonal 
therapy, including abiraterone acetate or enzalutamide or 
both and perhaps also immunotherapy with sipuleucel-T. 
Ra-223 is also used in patients who have progressed on 
docetaxel. The ideal timing of Ra-223 in the treatment 
sequence is the subject of debate. Clinicians currently 


Treatment of Bone Metastases: Radiopharmaceuticals 


381 


struggle with the desire to use Ra-223 as an active agent in 
symptomatic bone metastases but in a window before vis- 
ceral disease develops. The issue of combination with sys- 
temic agents that might control subclinical or treat clinical 
visceral metastases while Ra-223 acts on bone metastases 
is of considerable interest. Subsequent trials of Ra-223 will 
focus on combinations with abiraterone, enzalutamide, 
and docetaxel. In addition, the question of whether 
patients can be retreated with Ra-223 again with disease 
progression subsequent to a first course of treatment will 
be evaluated in a trial. 


E IMAGING IN THE ASSESSMENT 
OF BONE METASTASES 


Imaging plays an important role in diagnosis and objec- 
tive assessment of treatment response in metastatic pros- 
tate cancer (63-65). Imaging of prostate cancer response 
in bone is especially challenging given the lack of a single 
optimal imaging test and the need to interpret changes 
in the light of clinical and other data. There are several 
response criteria that have been devised incorporating 
image-based data in conjunction with other relevant infor- 
mation to guide treatment decisions. Imaging data may be 
based on anatomic information or may rely on physiologic 
information. It is well recognized that anatomic-based 
imaging may be deficient for accurate treatment response 
evaluation in view of the increasing use of novel cytostatic 
(rather than cytotoxic) drug regimen and the evidence that 
has been generated from the use of anatomic—physiologic 
hybrid imaging systems, often demonstrating that the ana- 
tomic response to treatment is discordant to or lags behind 
the metabolic changes (66,67). While bone scintigraphy 
and computed tomography remain the mainstay imag- 
ing for therapy assessment in metastatic prostate cancer, 
they are not readily quantifiable and have limited specific- 
ity (68). Other imaging methods such as magnetic reso- 
nance imaging (MRI) and positron emission tomography 
(PET) with various radiotracers allow for lesion quantifi- 
cation, which can then be monitored for changes induced 
by treatment and linked as imaging-based biomarkers to 
other independent clinical assessment criteria and to out- 
come parameters. 


Computed Tomography 


Computed tomography (CT) provides cross-sectional 
imaging information that can be reformatted to other 
planes for comprehensive assessment of cortical bony 
changes. However, CT is insensitive to bone marrow infil- 
tration of disease in which there may be little or no vis- 
ible structural abnormality of the bone cortex, and there 
is considerable interobserver variation in the assessment 
of bone lesions(69). The combination of PET and CT 
provides a comprehensive evaluation of both structural 
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and metabolic abnormalities such that marrow lesions can 
be detected through PET when there may be no abnor- 
mal CT correlates (70). Osseous metastases from prostate 
cancer are commonly sclerotic on CT demonstrating high 
CT density. By examining the change in number of and 
density of bony lesions, CT can provide general informa- 
tion on the disease process. However, increasing density of 
osseous lesions may not necessarily indicate worsening of 
the metastatic disease. Messiou et al. showed that increase 
in bone sclerosis in the absence of fading bone metastases 
can be interpreted as “flare” response to treatment that 
in their study occurred 3 months after treatment in 8% 
of the patients with castrate-resistant metastatic prostate 
cancer (71). 


Magnetic Resonance Imaging 


MRI offers excellent soft-tissue contrast, high spa- 
tial resolution, multiplanar imaging, flexible imaging 
protocols including dynamic contrast enhanced and 
diffusion-weighted imaging sequences, and no patient 
exposure to ionizing radiation. Whole-body MRI with 
1.5 T or 3.0 T scanners has been proposed as a one-stop 
shop imaging evaluation of patients with a variety of 
cancers (72-75). 

In the context of bone metastases from prostate can- 
cer, Reischauer et al. evaluated prospectively the utility of 
diffusion-weighted MRI and functional diffusion maps 
in monitoring antiandrogen treatment response (13, 76). 
The mean apparent diffusion coefficients (ADC, a marker 
of Brownian motion of water molecules in tissue with 
indirect information on tissue organization at a micro- 
scopic level and with tumor displaying restricted free 
water molecule diffusion or low ADC) for each metas- 
tasis were measured prior to and 3 months after therapy 
and were compared with serum PSA levels. The investi- 
gators found that mean ADCs of metastases increased 
significantly after therapy in comparison to pretreatment 
values, in concordance with significant decline in serum 
PSA levels, although marked heterogeneity of response 
was also noted, reflecting the complex chronologic and 
spatial evolution of bone metastases undergoing therapy. 
Similar results have been reported by others (77-79). 
Despite these early encouraging results, further stud- 
ies will be needed to delineate the role of whole-body 
MRI with various sequence protocols in the quantitative 
assessment of treatment response in patients with meta- 
static prostate cancer. 


Tc99m-Based Bone Scintigraphy 


Bone scintigraphy with Tc99m-based  radiotracers 
(e.g., Tc99m-methylene diphosphonate [MDP]) is the 
most common procedure in the imaging evaluation of 
patients with prostate cancer, is low cost, and is broadly 
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available. High tracer uptake is typically associated 
with osteoblastic activity that is commonly associated 
with prostate cancer. Bone scintigraphy portrays the 
osteoblastic reaction of bone to the prostate tumor and 
does not image the tumor itself. It is important to rec- 
ognize the relative nonspecificity of bone scintigraphy 
in cancer since radiotracer accumulation may also be 
seen with benign conditions such as inflammation (e.g., 
enthesopathy, arthropathy, spondylosis), infection, and 
fractures (80, 81). 

Bone scintigraphy has long been used for evalua- 
tion of response to treatment. Successful treatment leads 
to tumor cell apoptosis, which can induce reactive bony 
changes (e.g., healing) and hence result in increased radio- 
tracer accumulation or appearance of new lesions despite 
effective therapy (82). This treatment-related “flare” phe- 
nomenon is recognized and can be differentiated from 
true progression by serial imaging and correlation with 
pertinent clinical and laboratory information (83). A vari- 
ety of response criteria such as the Response Evaluation 
Criteria in Solid Tumors (RECIST 1.0 and 1.1) guidelines 
are used to evaluate bone metastases in prostate can- 
cer (84-87). Bone metastases are nonmeasurable lesions, 
and unequivocal resolution or the development of new 
lesions is considered as evidence of response or progres- 
sion, respectively. Several institutions have attempted to 
improve on the standard imaging criteria, but these are 
not in widespread use (88-91). 


Positron Emission Tomography 
18F-Sodium Fluoride 


18F-sodium fluoride (NaF) PET/CT offers significantly 
higher sensitivity and specificity for identifying bone 
metastases in comparison to 99mTc-based bone scintig- 
raphy (92,93). NaF was introduced in 1962 and approved 
by the FDA in 1972 (46, 94). There was, however, limited 
early use due to high-energy imaging technical limitations 
and widespread availability of Tc-99m-labeled agents. 
Czernin et al. summarizes the mechanism of 18F-NaF 
uptake in the bone (47, 95). Almost all the tracer is retained 
by bone after a single pass of blood with rapid clearance 
from plasma and urine excretion by the kidneys. The bone 
uptake is related to chemisorption onto hydroxyapatite 
matrix surface through 18F exchange for OH to form flu- 
orapatite. Practice guidelines for the use of NaF PET/CT 
have been published (48, 96). 

For evaluation of treatment response, NaF PET/CT is 
typically analyzed qualitatively, similar to 99mTc-MDP 
bone scan, based on comparative visual assessment of 
number, intensity, and extent of lesions before and after 
therapy. It must be noted that similar to 99mTc-MDP, a 
treatment-related “flare” phenomenon may also be seen 
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with NaF PET (49,97). With respect to metastatic pros- 
tate cancer, only one case series from Britain showed 
that NaF PET/CT may be useful for semiquantitative 
assessment of response to alpha particle treatment with 
223Ra-dichloride (50,98). Additional studies will be 
needed to define the role of NaF PET/CT in assessment 
of therapy response in patients with metastatic pros- 
tate cancer. Other PET tracer-based scans including 
fluoro deoxyglucose, choline, fluorocholine, and fluoro- 
dihydrotestosterone may have utility in prostate cancer 
but require further validation (99-106). 


m USE OF IMAGING TO ASSESS DISEASE 
CONTROL AND RESPONSE TO 
RADIOPHARMACEUTICALS 


Objective assessment of therapy response in patients with 
bone metastases from prostate cancer is of prime impor- 
tance to tailor treatment appropriately to individual patients 
and to achieve optimal outcome. Radiopharmaceuticals 
represent a particular challenge for clinicians because they 
are not associated with responses in traditional markers 
such as serum PSA. Experience with Sm-153 and Sr-89 
suggests that disappearance of lesions on Tc99m-based 
bone scanning correlates with pain relief and duration of 
disease control, but prospective data are lacking. In assess- 
ing response to Ra-223, early experience suggests that the 
serum alkaline phosphatase is a more consistent marker 
of cancer control in bone than PSA(107), and decrease 
in serum alkaline phosphatase was associated with bet- 
ter survival in the ALSYMPCA trial (17). Experience out- 
side the trial setting with Tc99m-based and NaF PET scan 
techniques suggests the correlation between symptom 
control and nonprogression on these scans, but further 
prospective experience is needed and will be forthcoming 
from several trials. Importantly, it has become clear that 
a proportion of patients on Ra-223 will develop progres- 
sion outside the skeleton as signaled by symptoms and/or 
rapid rise in serum PSA or circulating tumor cell counts. 
On that basis, we routinely include imaging with CT or 
MRI and Tc99m or NaF scanning after three cycles of 
a six-cycle course of Ra-223 to assess for progression at 
that time point. Visceral or lymph node progression may 
mandate the addition of other systemic agents to keep the 
patient’s cancer controlled. 


m CONCLUSION 


Bone-directed radiopharmaceuticals have been available 
to treat prostate cancer with bone metastases for many 
years. Sm-153 and Sr-89 are useful palliative agents, which 
may delay time to progression in bone as measured by 
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the time to the next skeletal-related event. The advent of 
Ra-223 has provided us with an agent that is more specifi- 
cally targeted to the bone milieu and results in extension 
of survival as well as palliation and delay in skeletal- 
related events. Radiological assessment of bone metas- 
tases is challenging, and its role in assessing response to 
radiopharmaceuticals in concert with clinical and other 
biomarker data is being actively assessed. The approval 
of Ra-223 comes at a time when a series of other systemic 
agents has been developed and approved for advanced 
prostate cancer. The optimal sequencing and combining 
of these agents is currently unclear and the subject of clini- 
cal trials and evolving real-world use. 
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E INTRODUCTION 


Prostate cancer (PC) that is progressing on androgen depri- 
vation therapy (ADT) is defined as castration-resistant 
prostate cancer (CRPC). CRPC is a heterogeneous dis- 
ease, necessitating organizations such as the European 
Association of Urology (EAU) create guidelines to stan- 
dardize CRPC classification and management (1). 

Similarly, the prognosis of patients with metastatic 
CRPC, which is dependent on many factors, remains quite 
variable. Prior to the advent of docetaxel for CRPC in 2004, 
the median life expectancy was between 9-12 months (2). 
In 2004, docetaxel improved median survival by approxi- 
mately 2.4 months (3). Since then, there have been a num- 
ber of other therapies that have demonstrated a survival 
benefit and achieved FDA approval in prostate cancer, 
including: cabazitaxel, abiraterone acetate, enzalutamide, 
radium-223, and sipuleucel-T, with others currently in 
development through clinical trials. According to recent 
literature, the median survival in all patients with CRPC is 
approximately 14 months, however studies have reported 
a range from 9 to 30 months, with most patients surviving 
in the range of 1-3 years, and those with metastatic disease 
having median survival of 9 to 13 months (4-6). 

Many of the studies evaluating prognostic factors in 
CRPC were conducted in men prior to the use of standard 
cytotoxic chemotherapy (i.e., docetaxel) the advent of 
novel therapies for CRPC has required an update in prog- 
nostic nomograms (6). In this chapter we will review the 
prognostic factors in CRPC, separating them by tumor 
factors and patient factors, and discuss some of the more 
widely used nomograms. 


E PROGNOSTICATORS 


Unfortunately, there is limited evidence regarding the 
prognostic value of individual factors in CRPC. Many 
of the variables thought to have prognostic value are 
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extrapolated from studies evaluating factors that influ- 
ence(a) the risk of relapse in early stage disease, or (b) 
the prognosis of patients with advanced disease, deter- 
mined prior to the use of novel hormone therapies and 
cytotoxic chemotherapies. Factors that have prognostic 
significance can be divided into tumor-related factors 
and patient-specific factors. Tumor-related factors include 
tumor histology, Gleason score, prostate specific antigen 
(PSA; baseline value, velocity and doubling time, decline 
in response to treatment), circulating tumor cells (CTCs), 
free circulating DNA, and genetic biomarkers. Patient- 
specific factors are common to many types of cancer and 
include epidemiologic factors, the presence of viseral dis- 
ease, inflammatory-related biomarkers, and other nonspe- 
cific serum markers. 


m TUMOR FACTORS 


Histology 


The prognosis of men with certain histologies of CRPC 
varies quite substantially. Prostate cancer can be sub- 
divided into histological variants of acinar adenocar- 
cinoma, while the rest are non-acinar carcinomas (7). 
Adenocarcinoma accounts for more than 95% of malig- 
nancies of the prostate. Variants of acinar adenocarci- 
noma defined in 2004 by the World Health Organization 
(WHO) include atrophic, pseudohyperplastic, foamy, col- 
loid, signet ring, oncocytic, and lymphoepithelioma-like 
carcinomas. Non-acinar carcinoma variants comprise 
the remaining 5% and include ductal adenocarcinoma, 
sarcomatoid carcinoma, urothelial or transitional cell 
carcinoma (TCC), squamous and adenosquamous carci- 
noma, basal cell carcinoma, neuroendocrine (NE) tumors 
(including small-cell carcinoma), stromal sarcomas, mes- 
enchymal tumors, and haematolymphoid tumors (8). Most 
of the evidence in CRPC refers to prostate adenocarcino- 
mas, therefore we will purposely discuss the other sub- 
types in this histology section and cover prognostic factors 
of adenocarcinomas in the rest of this chapter. 

NE Differentiation (NED) of prostate cancer accounts 
for approximately 1% of prostate cancers; and is comprised 
of focal NED in conventional prostatic adenocarcinoma 
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(~50%), carcinoid tumor (WHO well-differentiated NE 
tumor), and small-cell NE carcinoma (WHO poorly dif- 
ferentiated NE carcinoma), (9-11). Although many pros- 
tate cancers show focal NED, 5%-10% have zones with 
a large number of NE cells(8). Similar to NE carcinomas 
originating elsewhere, NED of prostate cancer behaves 
differently and often does not respond to therapies for 
conventional prostate adenocarcinoma (12,13). NE cells 
appear to have a paracrine effect on growth regulation, via 
hormones such as chromogranin A (CgA), serotonin, neu- 
ron-specific enolase, calcitonin, gastrin-releasing peptide 
(bombesin), somatostatin, alpha-human chorionic gonad- 
otropin, thyroid stimulating hormone-like peptide, para- 
thyroid hormone-related protein, and cholecystokinin; 
and as a result may also present with paraneoplatic syn- 
dromes (14-18). NE cells usually do not express AR, can 
be resistant to apoptosis (19), and their number and activ- 
ity can increase with androgen deprivation (20). Overall, 
the extent of NED, which can be measured by serum CgA 
levels(21), correlates with more aggressive disease and 
shorter survival times, with a cutoff point for CgA of < 9.5 
U/L vs > 9.5 U/L, corresponding to a survival of 19 months 
compared with 12 months respectively (P = .0015) (9,22, 
23). On multivariate analysis, CgA levels associate with 
survival (22), and may be prognostically useful, particu- 
larly in patients with low serum PSA (24-28). Interestingly, 
CRPC histology trends toward a higher proportion of NE 
cells compared with early disease (29), and focal NED 
portends a poorer prognosis(29-32). True carcinoid 
tumors of the prostate are rare, and therefore, prognostic 
information regarding these tumors is uncertain. 

Small-cell carcinoma (SCC) of the prostate is histolog- 
ically identical to SCC of the lung. Approximately 50% of 
SCC of the prostate have mixed SCC and adenocarcinoma 
components. Overall, the average survival is less than one 
year, and the appearance of a SCC component to adeno- 
carcinoma of the prostate usually indicates an aggressive 
terminal phase of the disease. Prostate SCC responds 
poorly to standard hormonal therapies and chemothera- 
pies; evidence about the best sequence of treatment for 
these patients is yet unclear (23, 33, 34). 

Urothelial or TCC of the prostate presents similarly to 
primary bladder TCC, and secondary involvement from 
a bladder primary must be excluded. The true incidence 
of prostatic TCC is approximately 0.7%—2.8% (35, 36). In 
situ carcinoma spreads along ducts and involves the acini, 
and later disease invades prostatic stroma. These are prog- 
nostically relevant, where tumors involving the prostatic 
ducts have a T1 category for invasion, which is distinct 
from prostatic stromal invasion (i.e., T2) (37). In this series, 
survival in patients with noninvasive disease approaches 
100%, as compared to 45% at 5 years if prostatic stromal 
invasion is present. The median survival for invasive TCC 
of the prostate from diagnosis is 17-29 months (11, 38). 
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The rarer tumors of the prostate are associated with 
unique clinical features and therapeutic approaches. 
Sarcomatoid carcinoma, ductal adenocarcinoma, squa- 
mous neoplasms (i.e. adenosquamous carcinoma, 
squamous cell carcinoma), and mesenchymal tumors 
(e.g., leiomyosarcoma, rhabdomyosarcoma) are aggres- 
sive (7,8, 39). Sarcomatoid carcinoma has a 3-year median 
survival, exhibiting a locally aggressive behavior and the 
pattern of metastases is similar to prostate adenocarci- 
noma, but with the lungs being the most common site for 
spread (11). Ductal adenocarcinoma presents with distant 
metastases at diagnosis 25%-40% of the time and tends 
to be less responsive to conventional prostate cancer thera- 
pies (40-42). Squamous neoplasms have a propensity for 
bone metastases (43). Leiomyosarcoma is characterized by 
multiple recurrences requiring resection and the average 
survival is between 3-4 years(8). Rhabdomyosarcoma 
occurs in infancy to early adulthood, frequently presents 
with unresectable local disease, and often with distant 
metastases (8). Treatment involves intensive chemotherapy 
and radiotherapy specific to this type of tumor. Basal 
cell carcinoma of the prostate is less aggressive though it 
may develop extra-prostatic extension or distant metasta- 
ses (44,45). The most common primary haematolymphoid 
tumors of the prostate include non-Hodgkin lymphoma, 
Hodgkin lymphoma and mucosa-associated lymphoid tis- 
sue (MALT) lymphoma, and behave as per their respective 
diseases elsewhere in the body (46, 47). 


Gleason Score 


The Gleason grading system is a histological system based 
on the architectural appearance of prostate adenocarci- 
noma cells, and correlates closely with clinical behavior. 
Historically, tumors were graded by differentiation pattern, 
from 1 to 5, with 1 being the most and 5 being the least 
differentiated (48), however current practice is to assign 
a number from 3 to 5(49). The composite Gleason score 
is determined by summating the two most prevalent pat- 
terns, with the most prevalent always listed first; therefore 
a Gleason score of 3 + 3 = 6 would be well differentiated 
(low grade) which is the lowest possible score assigned. A 
Gleason score of 8 to 10 is considered poorly differenti- 
ated or high grade, while a score of 7 is moderately dif- 
ferentiated (intermediate grade) (50). Recently, it has been 
proposed that Gleason score 6 disease often represents a 
clinically benign course such that many of these patients 
are overtreated (49). However, it remains controversial 
whether low-grade prostate cancer is a life-threatening 
entity that requires definitive treatment, and whether these 
patients may be candidates for watchful waiting. 

The Gleason score is particularly useful in early stage, 
hormone-sensitive disease, where it can differentiate a 
greater probability of having non-organ-confined disease, 
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and poorer outcomes after localized treatment. Repeat 
biopsy sampling of low risk disease has demonstrated 
that approximately 34% of men experience an upgrade in 
Gleason score on repeat biopsy, the majority of upgrades 
occur at the first or second repeat biopsy, and increase in 
Gleason grade on surveillance biopsies is predictive of time 
to active treatment (51,52). Gleason score is also prognos- 
tic for patients with advanced stage disease, having earlier 
progression (well-differentiated 33.0 months, moderately 
differentiated 19.0 months, and poorly differentiated 
13.0 months, respectively; P = .04) and shorter survival 
(well-differentiated 44.0 months, moderately differentiated 
28.0 months, and poorly differentiated 21.5 months, respec- 
tively; P = .03) (53). With the advent of novel therapies for 
prostate cancer, the prognostic usefulness of Gleason score 
at diagnosis in CRPC is uncertain. According to one study 
evaluating patients on docetaxel, Gleason > 8 was not sig- 
nificantly associated with survival (HR 1.18, P = .069) (54). 
Others have found it is predictive for survival however, 
demonstrating Gleason > 8 has a HR 1.40 for survival 
(P < .0001) and patients with Gleason 6 live longer (55,56). 
It is generally thought that as prostate cancer progresses 
from hormone-sensitive to castration-resistant disease, the 
grade increases, indicating more aggressive disease. 


PSA 


Prostate-specific antigen (PSA) is a glycoprotein encoded 
by the KLK3 gene. PSA is secreted almost exclusively by 
epithelial cells of both normal and neoplastic prostate tis- 
sue and is expressed in nearly all prostate cancers. It has 
been well demonstrated to reflect the overall burden of 
disease in men with CRPC, where higher baseline levels in 
men without metastases are associated with time to first 
bone metastasis and death (56-59). This disease state is 
coined castrate-biochemical relapse (castrate-BCR). Smith 
and colleagues found that a baseline PSA = 13.1 ng/mL for 
men with castrate-BCR is associated with shorter overall 
survival on retrospective analysis of the randomized con- 
trolled-trial, Abbott M00-244 (RR 2.34, P < .001) (60). 
In Cox regression models allowing for relative risk to vary 
with time, relative risk was 3.17 (P < .001) for the first three 
years and 1.44 (P =.156) for subsequent years. Baseline PSA 
levels are also included in a number of prognostic models 
(54,55, 61). 


PSA Velocity and Doubling Time 


The rate of change of PSA over time, in the absence of 
therapeutic measures, is the PSA velocity. PSA velocity has 
been associated with shorter overall survival in men with 
nonmetastatic CRPC (RR 1.15 for each 1 log[ng/mL]/year 
increase; P = .002)(57). Men with metastatic CRPC also 
appear to have shorter survival if they have a high PSA 
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velocity (PSAV) (58, 62, 63). Robinson and colleagues eval- 
uated PSAV in 915 patients enrolled on the SPCG-S study 
and stratified patients into four quartiles, where PSAV in 
the first (Q1) , median (Q2), and third (Q3) quartiles had 
PSAV of 0.52 ng/mL/month, 2.6 ng/mL/month, and 12.6 
ng/mL/month, respectively (64). They found that PSAV 
gives a reliable prediction of survival, with a median sur- 
vival of 26.4 months for men with a PSAV less than Q1, 
17.1 months for men with a PSAV between Q1 and Q2, 
12.3 months for men with a PSAV between Q2 and Q3, 
and 6.2 months for men with a PSAV greater than Q3. 

PSA doubling time (PSADT) is a specific measure of 
PSAV that has been validated as a prognostic factor. It 
is defined as the time interval observed over which the 
serum PSA doubles, and it reflects relative rather than 
absolute changes. 


fitime) =a + b x exp(ct””*) 


Where f is time, and a, b, and c are the most recent 
PSA measurements (65). PSADT is limited by the fact that 
it was developed in patients not undergoing active treat- 
ment, and therefore assumes that the PSA kinetics will 
be exponential, however, the pattern is not always linear 
because PSADT does not measure tumor regression, and 
therefore it can only be calculated when there is tumor 
regrowth (66). 

PSADT may be different at time of first chemo- 
therapy compared to the time of diagnosis of castration 
resistance (61). In men with CRPC treated with deferred 
antiandrogen therapy, PSADT was predictive of PSA 
response, where mean PSADT in responders was 12.7 
months as compared to 7.5 months in nonresponders 
(P = .037) (67). PSADT has also been shown to correlate 
directly with survival in men with mCRPC(61,62, 68). 
One study, which retrospectively evaluated 250 men 
treated with chemotherapy for CRPC, found that PSADT 
< 45 days is associated with a HR 1.39 for death (P = 
.03), where the short PSADT was associated with a 16.5 
month median survival compared to 26.4 months in the 
long PSADT group (P = .04)(61). Another study, retro- 
spectively evaluating 224 men with mCRPC, determined 
the optimal PSADT stratification for survival was 70 
days (68). They reported a median survival of 11 months 
for men with a PSADT < 70 days (HR 0.46 for death, on 
multivariate analysis) compared to 19 months for those 
with a PSADT > 70 days(68). Caution, however, should 
be used in interpreting PSADT because this has not been 
formally prospectively evaluated for surrogacy for overall 
survival in phase III trials. Furthermore, PSADT may vary 
naturally over time without intervention (69). 


PSA Decline in Response to Treatment 


Changes in PSA during therapy can reflect a reduction in 
the burden of disease, indicating a clinical benefit. This 
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can be prognostically informative for individual patients 
over time, and PSA decline rates of > 30 to > 90% have 
been evaluated (70-72). Two retrospective studies of large 
randomized trials have reported that PSA decline > 30% 
within 3 months of cytotoxic treatment initiation was 
associated with improved survival(70,71). Other stud- 
ies have found that a PSA decline of > 50% at various 
time intervals correlated with survival (72-77). However, 
> 30% PSA decline, and the conventional threshold of 
2 50% confirmed PSA decline(59) have not been pro- 
spectively demonstrated to be a surrogate for survival 
across these trials and is therefore not an approved reg- 
ulatory end-point for systemic therapies in CRPC (78). 
Possibly, the variability in degree of surrogacy is related 
to the cytotoxic therapy usage in these studies, which 
may affect the correlation between PSA change and sur- 
vival(79). Another concept that evaluates PSA decline is 
PSA half-life (PSAHL), where a more rapid rate of PSA 
decline (PSAHL < 70 days) has been associated with 
longer survival in 154 men treated with docetaxel (80). 
Banu and colleagues found that PSAHL is prognostic 
for overall survival in patients treated with chemotherapy, 
demonstrating that responders and late progressors have 
better survival compared to initial progressors (median 
survival 27 vs. 19.7 vs. 12.3 months respectively) (81). 

There is some evidence to suggest that long PSA 
response durations and low PSA nadirs correlate with 
survival (82,83). PSA progression during therapy for 
CRPC has similarly demonstrated prognostic utility for 
survival, however it is not a surrogate marker of survival 
(84, 85). Detection of PSA on circulating tumor cells by 
reverse transcriptase polymerase chain reaction (rtPCR) 
was also demonstrated to correlate with survival (median 
survival 21 vs. 11 months, P < .001; HR death 1.7, 
P = .006) (SS). 

There are important caveats that should be remembered 
when interpreting PSA changes over time. The mechanism 
of action of the drug should be considered. PSA is a mea- 
sure of AR signaling, which likely explains why sipuleucel- 
T improves survival, but does not affect PSA levels (86). 
In contrast, the survival benefit seen with docetaxel cor- 
relates with PSA response within the first 3 months of ther- 
apy (70,71). There is some recent evidence demonstrating 
that docetaxel has a direct effect on AR dynamics, intimat- 
ing that it may also affect PSA production (87). Another 
issue is that serum PSA values may initially rise after effec- 
tive systemic treatment before falling. Early rises in PSA are 
known to occur during systemic chemotherapy in 15%- 
20% of men with CRPC(88, 89). This does not appear to 
be associated with an unfavorable prognosis; rather it may 
reflect a lag in response to treatment or a transient circula- 
tory release of PSA(89). As a result, the PCWG2 suggests 
that decisions regarding therapy should not be made on 
PSA alone, thereby potentially avoiding premature discon- 
tinuation of a life-prolonging treatment (78). 
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In 1999, the published eligibility and response 
guidelines for clinical trials in androgen-independent 
prostate cancer recommended that investigators report the 
rate of PSA decline by 50% at a minimum (59). The role of 
PSA and PSA-related measures in CRPC was then revised 
in 2008 by the Prostate Cancer Clinical Trials Working 
Group (PCWG2), which recommends measuring the 
PSA at 12 weeks, reporting it as a percentage change as 
compared to the baseline, and identifying the maximum 
change at a given time(78). PCWG2 also recommends 
continuation of treatment for a minimum of 12 weeks, 
unless other evidence of progression, to avoid incorrect 
interpretations of fluctuating serum levels. 


Circulating Tumor Cells (CTCs) 


The process of hematogenous metastasis of prostate 
cancer cells likely involves a period of circulatory 
spread of carcinoma cells, followed by extravasation 
and colonization(90). CTCs are shed into the blood- 
stream from solid tumors and can be isolated from 
samples of peripheral blood based on their different 
physical and immunologic characteristics (91). CTC 
enumeration correlates with other prognostic factors 
in mCRPC, such as PSA, alkaline phosphatase (ALP), 
and lactate dehydrogenase (LD) and correlate negatively 
with hemoglobin (HGB) (92-94). A number of trials strati- 
fying CRPC patients commencing a new line of chemother- 
apy, based on CTC count <5 (favorable) vs. > 5 (unfavorable)/ 
7.5 mL, found that unfavorable pretreatment levels are 
associated with worse survival (median OS 11.5-19.5 
vs. 20 to > 30 months, P < .05 for all studies) (95—97). 
Similar results have been reported in other trials, where 
CTC enumeration is evaluated as a continuous vari- 
able and very high CTC counts (> 50/7.5 mL) correlated 
with poorer survival (92,96, 98,99). Post-treatment CTC 
counts that drop from unfavorable to favorable are also 
associated with an improvement in survival (95), compa- 
rable to what is seen with PSA response (> 30%) or par- 
tial radiographic response (70, 71, 100). More recently, an 
evaluation of men treated with abiraterone acetate (AA) 
for CRPC has suggested that changes in CTCs, as early 
as 4 weeks into therapy, reflect survival benefit and there- 
fore may serve as a surrogate biomarker (101). Further 
evidence is presently needed to elucidate the full value of 
CTC enumeration in surrogacy for survival in men with 
CRPC; this will be further assessed in other prospective 
phase III clinical trials with various investigational agents 
(NCT00974311, NCT01193257, NCT01057810) (90). 
CTC enumeration may be particularly useful com- 
pared to other prognostic markers, demonstrating a 
stronger association with survival on multivariate analy- 
sis(99). Therefore, CTC enumeration may also be useful 
for clinical decision making in patients with ambiguous 
results of PSA or radiographic assessments. At present, 
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the detection rate of CTCs is somewhat limited, in that 
certain CTCs may escape detection via the loss of epi- 
thelial markers and acquisition of a mesenchymal phe- 
notype (102). Improvements in methods for CTC capture 
would therefore be helpful to further explore CTCs as a 
clinical tool. 


Free Circulating DNA (fcDNA) 


Nucleic acids are released into plasma from normal or 
damaged cells as a result of cell stress. This has been stud- 
ied in other fields like autoimmune or infectious diseases 
and has opened significant possibilities for prenatal diag- 
nosis of fetal diseases. In cancer medicine, it is possible 
to detect circulating tumor DNA released into the circu- 
lation from either primary tumors or metastatic depos- 
its. The total amount of feDNA in the blood of cancer 
patients correlates with the burden of disease, has prog- 
nostic value, and makes it possible to detect specific onco- 
genic aberrations that are informative of the biology of 
the disease (103). In prostate cancer, there is a correlation 
between the number of CTCs and the concentration of 
fcDNA, opening new possibilities for monitoring meta- 
static disease (104). 


Genetic Biomarkers 


Increasing knowledge of prostate cancer biology and the 
feedback between the androgen signaling pathway and 
other signaling networks has challenged the scientific 
community to subclassify prostate cancer according to 
molecular biomarkers. In most cases, they may not only 
have prognostic value but can be significant predictive fac- 
tors of response to novel therapies. 

About half of prostate cancers harbor fusions of genes 
related to androgen signaling. The most common is the 
fusion of TMPRSS2, an androgen regulated gene, with 
the transcription factor ERG generating an androgen- 
responsive oncoprotein. Data from retrospective studies 
suggest the presence of TMPRSS2-ERG fusion charac- 
terizes a molecular subgroup of prostate cancer with a 
more aggressive phenotype and worse cancer-specific 
survival (105). 

The phosphatase and tensin homologue (PTEN) gene 
is one of the most commonly mutated or deleted tumor 
suppressor genes in cancer. In addition to its role as a 
negative regulator of the PI3K/AKT signaling cascades, 
it is also involved in maintenance of chromosomal integ- 
rity (106). Concomitant evaluation of PTEN gene loss and 
ERG/ETV1 gene rearrangements may be a useful means 
to stratify patients based on prostate cancer-specific sur- 
vival; where patients lacking PTEN gene loss and ERG/ 
ETV1 gene rearrangements have a relatively good prog- 
nosis, and poorer survival was observed in the subgroup 
with PTEN gene loss in the absence of ERG/ETV1 gene 
rearrangements (107). In a series of over 600 patients 
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with localized prostate cancer, loss of PTEN expression, 
assessed by immunohistochemistry, was associated with 
long-term higher risk of prostate cancer-related death in 
univariate analysis. In the multivariate analysis, it was 
found to be a prognostic factor only for those patients 
with low-risk disease (108). 

P53 is a tumor suppressor gene involved in prostate 
carcinogenesis, as in many other malignancies, and has 
been shown to have prognostic value (109, 110). Expression 
of p53, together with Ki-67 and bcl-2, in the primary 
tumor has been correlated with risk of recurrence after 
radical prostatectomy in two different series of patients 
(111,112). P53 expression has also been demonstrated to 
be an independent prognostic marker for cancer-specific 
survival (113). 

A family history of cancer is one of the strongest risk 
factors to develop prostate cancer. Germline mutations 
in the breast cancer predisposition gene (BRCA2) are the 
genetic event known to confer the highest risk of prostate 
cancer, over 8-fold in men under 65 years old (3.5-fold for 
BRCA1 germline mutations). Despite being present in less 
than 2% of sporadic prostate cancers, detection of BRCA 
mutation has become relevant with the development of 
drugs targeting poly-ADP-ribose polymerase (PARP). 
Concomitant knockdown of BRCA and PARP leads to cell 
death due to lack of mechanisms to maintain DNA repair 
systems, which has been named synthetic-lethality. Recent 
data demonstrate that BRCA mutations confer a more 
aggressive phenotype of prostate cancer, with higher risk 
of developing distant metastasis after radical treatment 
and poorer survival outcomes overall for BRCA mutation 
carriers (114). 

There are a number of other genomic alterations that 
have recently generated scientific interest. CHD1 dele- 
tion has recently been shown to be found in a subgroup of 
prostate cancers and is associated with early PSA recur- 
rence, high Gleason grade, advanced tumor stage, and 
increased cellular proliferation (as measured by the Ki67 
labeling index), all implicating it as a possible negative 
prognosticator (115). Ki-67 itself may have prognostic 
value when dichotomized > 10% versus < 10% (116). SPOP 
mutations also appear to occur early in the develop- 
ment of invasive prostate cancer and similarly seem to 
be mutually exclusive with ERG fusions and rearrange- 
ments, and often co-occurring with CHD1 loss (117). 
FOXA1 acts as an AR-cofactor and promotes cell- 
cycle progression in CRPC, which may portend more 
aggressive disease (118). Mismatch repair (MMR) gene 
activity has been implicated in prostate cancer out- 
comes, and may also be associated with more aggres- 
sive disease (119,120). Baca and colleagues propose 
a model for the evolution of prostate cancer compris- 
ing a spectrum of processes whereby gene alterations 
accumulate; including a process termed chromoplexy, 
in which multiple geographically distant genomic regions 
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in CRPC may be disrupted at once, leading to deletions 
and rearrangements in relevant genes such as PTEN, 
NKX3-1, CDKN1B, TP53, and RB1 (119). 


E WHOLE BLOOD mRNA 
EXPRESSION PROFILING 


mRNA expression profiles may be a useful method to 
stratify patients according to overall prognosis. Olmos 
and colleagues showed RNA expression profiles in CRPC 
correlated with survival. A 9-gene signature (i.e., HMBS, 
TMCC2, SNCA, SLC4A1, STOM, GABARAPL2, 
RIOK3, TERF2IP, and TFDP1) in particular has been 
identified and validated as an independent prognostic fac- 
tor for worse overall survival (121). Another group pro- 
posed a 6-gene profile (i.e., ABL2, ITGAL, SEMA4D, 
C1QA, CDKN1A, and TIMP1) that stratifies patients 
into two groups, low-risk and high-risk, with significant 
differences in survival(122). These profiles include genes 
essential for immune system activity, implicating a down- 
regulation of cellular and humoral immunity as a possible 
cause for poorer survival in these patients. 


E PATIENT FACTORS 


Epidemiological Factors 


Disparities in cancer outcome according to ethnicity have 
been previously described in several tumor types. A ret- 
rospective review of 35 clinical trials by the Southwest 
Oncology Group (SWOG) showed race outcome-relation 
for breast, ovarian, and prostate cancer. In the case of 
prostate malignancies, African American men with pros- 
tate cancer had a 20% higher risk of death than their 
white counterparts (123). These data support efforts to 
detect the disease in earlier stages in this group and to 
further study differences in tumor biology that may help 
in developing personalized treatments. 

Several studies have evaluated the relationship of 
age with outcome in prostate cancer. Those studies and 
their results are heterogeneous, as they use either the 
age at diagnosis or at the time of developing CRPC, and 
consider overall survival or cancer-specific survival as 
a primary endpoint (124). Overall, there is a consistent 
trend with younger age and poorer prognosis, but this 
is likely influenced by the higher prevalence of poorly 
differentiated tumors at younger age, and the fact that 
elderly patients have higher rates of non-cancer related 
deaths (125). 

Elevated body mass index (BMI) is also associated 
with prostate cancer-specific mortality, as shown in a 
meta-analysis of prospective cohort studies in prostate 
cancer patients (126). However, the relationship between 
cancer and metabolism is extremely complex; factors such 
as obesity and insulin metabolism appear to have a role 
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in cancer genesis and progression, and it is difficult to 
evaluate their independent prognostic value. 


Visceral Disease 


Prostate cancer usually spreads to the bones and, secondly, 
to the lymphatic system. The presence of visceral metasta- 
ses has been recognized as a poor-prognostic factor. This 
was included already in the pre-docetaxel era nomograms 
as a significant variable (55). 

Recent registration trials of abiraterone acetate and 
enzalutamide in the post-chemotherapy setting retro- 
spectively analyzed the differential outcomes of patients 
based on the presence of visceral disease. The COU-301 
trial, which evaluated abiraterone acetate plus predniso- 
lone vs. placebo plus prednisolone in patients progress- 
ing on docetaxel-based chemotherapy detected a worse 
overall survival for patients in both groups affected by 
visceral disease (127). The AFFIRM trial, which evalu- 
ated enzalutamide vs. placebo in the post-chemotherapy 
setting, also observed poorer overall survival for patients 
with liver or lung metastases (128). In both studies, the 
HR for overall survival, indicating the risk of death for 
the experimental group compared with the placebo arm, 
suggested a higher degree of benefit from these novel 
androgen-axis targeting agents for those patients with no 
visceral disease. 

However, these sub-analyses have limited significance 
and at present, visceral disease is not a determinant of 
indication for anti-androgen therapies. Moreover, most 
of the current literature regarding this topic considers 
non-bony disease to be homogeneous. Specific prognos- 
tic studies for patients according to the number of organs 
involved, shown to be an important prognostic factor in 
cancer medicine, are needed (129). 


Inflammation-Related Biomarkers 


Because of the strong involvement of inflammatory mech- 
anisms in cancer pathogenesis and progression, quan- 
tification of inflammation-associated factors has been 
studied as eventual biomarkers of prognosis in different 
tumor types, including prostate cancer (130). 

C reactive-protein (CRP) is the most representative 
acute-phase reactant that has been shown to have prognos- 
tic value in prostate cancer among other tumors. CRP levels 
are elevated in the early phase of inflammatory response to 
infections, metabolic stress, autoimmune disease, or other 
ailments, such as cancer. Serum quantification of CRP is 
performed with reliable assays in routine clinical practice. 
In prostate cancer, CRP has been shown to correlate with 
prognosis in patients with localized disease (131), and is an 
independent prognostic factor and correlates with burden 
of disease in patients with bone metastases (132). 

Lactate dehydrogenase (LDH) is an ubiquitous 
enzyme that is part of the normal cellular glycolysis and 
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gluconeogenesis pathways. The Warburg effect describes 
a neoplastic process, including in CRPC, whereby LDH 
activity is increased to enable cancer cells to produce 
energy and proliferate in a hypoxic environment. Serum 
LDH levels are nonspecific, and may rise in response to an 
inflammatory stimulus, hypoxia, tissue necrosis, or tumor 
that is outgrowing its own blood supply, all characteris- 
tics of aggressive disease (133). LDH has been included 
in clinically validated prognostic scores for prognosis in 
cancer (55,129, 134) but some studies evaluating its inde- 
pendent prognostic value in prostate cancer show contra- 
dictory results (55,135). 

The neutrophil-to-lymphocyte ratio (NLR) is a marker 
of inflammation that is prognostic in several cancers. In 
one study of patients with CRPC treated with ketocon- 
azole, high NLR was associated with worse progression- 
free survival (136). 

Overall, poor specificity of the inflammation- 
related biomarkers, which can be modulated by sev- 
eral other concomitant factors, may be the reason for 
conflicting results reported in the past, limiting their 
potential application for prognostication in CRPC and 
their clinical validity. They are also being evaluated as 
potential biomarkers for early diagnosis in screening 
programs (137). 


Other Nonspecific Serum Markers 


Anemia is a recognized prognostic factor in cancer. 
Anemia of chronic disease is a well-known entity, and 
in prostate cancer becomes even more important because 
of eventual infiltration of bone marrow by metastatic 
disease. A meta-analysis of six studies analyzing the 
impact of hemoglobin levels in prognosis showed a 
47% increased risk of death for prostate cancer patients 
with anemia in comparison with those with normal 
hemoglobin (138). 

Alkaline phosphatase (ALP) is a biomarker of bone 
metabolism that is also commonly released by the liver 
and bile ducts. In patients with bony metastases, most of 
the circulating levels are generated in the bones, and it 
is a predictive factor of survival independent of PSA in 
patients with prostate cancer and bony metastases who 
are receiving chemotherapy. Other biomarkers of bone 
metabolism like bone-specific alkaline phosphatase and 
urinary N-telopeptide are currently being incorporated 
into exploratory analyses of clinical trials to evaluate for 
clinical validity (139). 

Other variables that have been found to be associ- 
ated with survival on multivariable analysis include 
acid phosphatase, prolactin, prior hormone response, 
anorexia, and obstructive urinary symptoms (140, 141), 
as well as pronounced fatigue and weight loss (142, 143), 
extent of bone metastases (144, 145), pretreatment serum 
testosterone (145), and plasma and urine VEGF and PSA 
rtPCR (55, 146-148). 
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Response to Prior Treatment 


Despite progression of disease on hormonal therapy, 
CRPC often continues to be sensitive to further androgen 
pathway manipulation. Secondary hormonal therapies 
can be an attractive treatment option because of their mild 
toxicity profile and ease of administration. Recent evi- 
dence has demonstrated that duration of response to prior 
hormonal therapy predicts longer duration of secondary 
hormonal therapy, with men who received primary hor- 
monal therapy for > 24 months receiving secondary ther- 
apy for 40 months (149). It is not however clear whether 
this translates into a difference in survival. 


E NOMOGRAMS 


There are a number of prognostic models that have been 
developed for CRPC. The widely used Halabi, Smaletz, 
and Armstrong nomograms were constructed using data 
from clinical trials of hormonal treatments and first-line 
chemotherapy. 

The Halabi nomogram was developed and published 
in 2003, with data evaluating 1,101 men with CRPC 
treated on six Cancer and Leukemia Group B Protocols 
(CALGB) (55). Patients were treated from 1991 to 2001, 
and were required to demonstrate progression despite 
androgen ablation and anti-androgen withdrawal. These 
studies, CALGB 9181, 9182, 9480, 9680, 9780, and 9583, 
all involved hormonal maneuvers or mitoxantrone, except 
for CALGB 9780, which treated 46 patients with docetaxel 
plus estramustine and low-dose hydrocortisone (73, 
150-153). Pretreatment factors were evaluated with uni- 
variate and multivariate analysis by a proportional haz- 
ards model to construct and validate a prognostic model. 
They found that ECOG performance status (ECOG 
1 HR 1.48; ECOG 2 HR 2.19, P < .0001), Gleason sum 
(Gleason 8+ HR 1.4, P < 0001), LDH (log[LDH] HR 1.37, 
P < .0001), ALP (log[ALP] HR 1.23, P < .0001), PSA 
(log[PSA] HR 1.1, P < .0001), and hemoglobin (HR 0.92, 
P < .0001) were statistically significant on multivariate 
analysis (Table 19.7.1). The model was developed to pre- 
dict survival at 12 and 24 months (Table 19.7.2). Patients 
were classified into one of four risk groups on the basis of 
the median of the predicted survival duration. Observed 
median survival durations were 7.5, 13.4, 18.9, and 
27.2 months for the first, second, third, and fourth risk 
groups, respectively, and the corresponding median pre- 
dicted survival times were 8.8, 13.4, 17.4, and 22.8 months. 

The Smaletz nomogram was developed and published 
in 2002 from data at the Memorial Sloan-Kettering Cancer 
Center (134). This is also a pretreatment prognostic model, 
which included 409 patients enrolled on 19 consecutive 
clinical trials from 1989 to 2000. All patients considered 
in the analysis had progressive castrate metastatic disease, 
where progression was defined by any one of the following: 
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Comparison of the Armstrong, Halabi and Smaletz nomograms predicting survival in CRPC 


Risk Factor Armstrong (54) 


Z 


Age 

Albumin 

Alkaline Phosphatase 
Chemotherapy (e.g., DOC, MTX) 
Grade 

Hemoglobin 

LDH 

Liver Metastases 


Number of Site 


KK we Ze KKK 


Pain at Baseline 


R 
S 
Do 


Performance Status Y ( 


=< 


Progression Type: Bone Scan 
Progression Type: Measurable Disease 
PSA (baseline) 


PSA Doubling Time 


Z Kk K K 


Visceral disease 


Abbreviations: DOC, docetaxel; MTX, mitoxantrone. 


Halabi (55) Smaletz (134) 
N Y 
N Y 
Y Y. 
N N 


Y (Gleason Score) Y (Gleason Score) 


Y Y 
Y Y 
N N 
N N 
N N 
Y (ECOG) Y (KPS) 
N N 
N N 
Y Y 
N N 
Y N 


E Table 19.7.2 Survival predictions of the Armstrong, Halabi and Smaletz nomograms for CRPC 


Survival Armstrong (54) 
Median Survival Y 
1-Year Y 
2-Year Y 
5-Year Y 


an increase in serum PSA of at least 25% compared with 
baseline in 3 successive occasions, new metastatic lesions 
on bone scan, or a 25% or greater increase in bi-dimen- 
sionally measurable tumor mass. Variables were selected 
based on prior published reports and clinical experience 
of the investigators, and included: age, Karnofsky perfor- 
mance status (KPS), hemoglobin, PSA, LDH, ALP, and 
albumin. Analysis was performed using a Cox regression 
model for proportional hazards, requiring an accelerated 


Halabi (55) Smaletz (134) 
Y Y 
Y Y 
Y Y 
N N 


failure time model with a Gaussian error distribution 
to adjust for differenteffects over time. They found that 
KPS (P < .001), hemoglobin (P < .001), LDH (P < .001), 
ALP (P = .027) and albumin (P = .044) were associated 
with survival, whereas age (P = .35) and PSA (P = .742) 
were not (Table 19.7.1). A nomogram was then developed, 
where each predictor variable has corresponding prog- 
nostic points which are then tallied to establish the pre- 
dicted survival at 1 and 2 years, as well as median survival 
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(Table 19.7.2). The nomogram was validated externally, 
with an estimated concordance index of .67. 

The Armstrong nomogram was developed by ret- 
rospective analysis of the TAX327 clinical trial evaluat- 
ing different schedules of docetaxel versus mitoxantrone 
in men with progressive metastatic CRPC (54). CRPC 
was defined as men with metastatic prostate adenocarci- 
noma in the setting of castrate levels of serum testosterone 
(< 50ng/mL) who had evidence of progression as defined 
by clinically or radiographically measurable disease or by 
PSA criteria (3). TAX327 was a randomized, non-blinded, 
multinational trial including 1,006 patients treated from 
2000 to 2002. The variables evaluated were age, KPS, 
pain at baseline, hemoglobin, ALP, serum PSA, presence 
of visceral and/or liver metastases, pretreatment PSA dou- 
bling time (PSADT), type of progression (measurable, 
nonmeasurable, bone scan, and PSA-only progression), 
number of metastatic sites, Gleason score, presence of 
multiple bony metastases, and prior estramustine or sec- 
ond-line hormonal therapy. The final model for the nomo- 
gram was created using a step-wise procedure including 
a bootstrap, where all variables with an alpha level of .10 
were included in the covariate analysis, and then variables 
on covariate analysis were excluded if the P was > .10. 
Independent prognostic factors on multivariate analysis 
were liver metastases (HR 1.66, P = .019), more than two 
regions of metastatic disease (HR 1.63, P = .001), che- 
motherapy type (weekly docetaxel versus q3w docetaxel; 
HR 1.12, P = .32; mitoxantrone versus q3w docetaxel: 
HR 1.43, P = .001), significant baseline pain (HR 1.48, 
P < .001), KPS < 70 (HR 1.39, P = .016), bone scan pro- 
gression (HR 1.29, P = .01), or measurable disease pro- 
gression (HR 1.37, P = .005), PSA (per log rise, HR 1.17, 
P < .001), high tumor grade (HR 1.18, P = .069), ALP 
(per unit log rise, HR 1.27, P < .001), and baseline hemo- 
globin per unit decline, HR 1.11, P = .004 (Table 19.7.1). 
Furthermore, PSADT Kaplan-Meier survival curves cat- 
egorized by month groupings:< 1 month, 1-2 months, 
2-3 months, 3-6 months, and > 6 months demonstrated 
a decreasing risk of death as PSADT lengthened, with a 
relative hazard of 0.79, 0.69, 0.53, and 0.37, respectively 
(P < .001 for trend). The concordance index of the final 
multivariate model was 0.69, indicating a moderately high 
level of predictive discrimination. The final set of covari- 
ates was then included in a Cox regression analysis using 
the original data set, and was used to create a nomogram 
for prediction of median and 1-, 2-, and 5-year overall sur- 
vival (Table 19.7.2). 

These nomograms have some limitations, including 
that the analyses were performed on patients enrolled 
on clinical trials, who met the specific enrollment crite- 
ria, including a good performance status. Furthermore, 
they were developed prior to the discovery of some highly 
effective novel treatments for prostate cancer, which are 
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now considered standard therapy. Survival in patients 
treated with these highly effective therapies differs from 
that predicted in the nomograms, and therefore updated 
nomograms are needed (154). 


m CONCLUSIONS 


CRPC is a heterogeneous disease characterized by dif- 
ferences in histology, molecular and genomic character- 
istics, dissemination patterns, and response to therapy. 
The therapeutic armamentarium for metastatic CRPC has 
also recently become broader with the advent of highly 
effective novel therapies showing improvements in overall 
survival, and further complicating our ability to predict 
survival in these patients. To optimize the use of these new 
therapies, a strategy to differentiate patients according to 
predictive and prognostic markers is vital. Most of the cur- 
rently used nomograms and prognostic indexes in prostate 
cancer were constructed using data from series of patients 
who never received these highly effective treatments. Note 
that, these nomograms have been shown to underestimate 
the outcome of patients in the present era. Updated prog- 
nostic systems are needed, integrating clinical, pathologi- 
cal, and molecular features to better characterize prostate 
cancer. Development of any novel biomarker or nomo- 
gram requires that we demonstrate reliability of results, 
validity of the technology involved, and clinical validation 
in prospective studies. 
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